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ABSTRACT 

The third volume of the Global 2000 study presents 
basic information ("documentation") on the long-term sectoral models 
used by the U.S. government to project global trends in population, 
resources, and the environment. Its threefold purposes are: (1) to 
present all this basic information in a single volume, (2) to provide 
an explanation, in the words of the agencies and institutions 
themselves, of the structure of their models and the purposes for 
which their models were developed, and (3) to give a general sense of 
the individual sectoral models and the array of their documentation. 
Population, gross national product, climate, food, nonfuel minerals, 
and energy are the sectors focused on in this document. Inclusion was 
based on the fact that these projection areas used formalized 
methodologies and analytical models. As a result ,t this study, 
government data and models have been evaluated and weaknesses 
identified. Further, experts responsible for language analysis and 
modeling have been brought together to exchange knowledge and 
perspectives on global trends and to begin developing the capacity to 
produce interactive internally consistent projections. It has set the 
foundation for the construction of the type of foresight capability 
needed by the United States in the decades ahead. (ME) 
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Preface 



This third volume of the Global 2000 Study presets 
basic information ("documentation" as it is termed 
by mooters) on the long-term sectoral models used by 
the U.S. Government to project global trends in popula- 
tion, resources and the environment. These models were 

l^***" of thc P r °jcctions developed for the Global 
2000 Study. 

Each of the sectoral models described in this Volume 
is a Government developed or Government endorsed 
model. Most of the models were developed directly by 
Government agencies. Three of the models— the GNP 
model, the nonfuel minerals demand model, and one of 
the population models— were developed by non-Govern- 
mental organizations, but have been applied or recom- 
mended by one or more Government agencies as being 
the best models available for the particular types of 
projections they provide. 

Collectively, the sectoral models described in this vol- 
ume arc referred to throughout the Global 2000 Study 
as the Government's "global model." This term is 
more than a convenient means of reference. Collectively 
the sectoral models described here provide the U.S. 
Government with the same type of projections that 
other global models provide their userj— projections of 
population, GNP, food, energy, minerals, wateri envi- 
ronment, etc. 

The Government's global model is different from 
other global models in several ways. First, the sectors of 
thc Government's global model do not reside in a single 
computer but are located around Washington (and in 
other cities) in the computers of different departments 
and agencies, and non-Governmental organizations. 
The location of the sectors, however, is only a matter 
of convenience. All of the sectors— including those that 
are now only computational procedures performed with 
a calculator or adding machine— could be placed in a 
single computer without altering in any way their 
functioning. 

An important way in which the Govrrment's global 
model diffci s from other global models is that there are 
only very limited interactions among the sectors of the 
Government's global model. In most global models, the 
various sectors (food, population, energy, watei, etc.) 
interact extensively. In the Government's global model 
intersecteral interactions are severely limited. Prior to 
the Global 2000 Study the primary mode of interaction 
among the sectoral models was not via a data channel or 
magnetic tape, but via the Government Printing Office 
(GPO). The departments and agencies made projections 
with thdr sectors of the Government's global model, 
and sent the results to GPO. Subsequently, GPO pub- 
lished a report. Other agencies then purchased the 



report and transferred the new sectoral projection into 
other sectors of the Government's global model. 

It is important to recognize that when the Government 
departments and agencies designed or adopted the var- 
ious actors of the Government's global model, the sec- 
tors were not designed to be used as a well integrated, 
collective whole. Instead, it was assumed— implicitly or 
explicitly— that each sector (and department) acted 
more or less independently of the other sectors (and 
departments), and that the glacial interaction of the sec- 
tors through GPO was sufficicn. .o insure the degree of 
internal consistency needed for the Government's global 
policy analysis. In recent years this assumption has 
come increasingly into question. Few knowledgeable 
analysts now believe it acceptable, for example, to 
assure each and every sector will have access to all of 
thz land, entrgy, water, and capital that it may need, 
s an assumption inherent in essentially every sec- 
\c Government's global model, an assumption 
vys directly from thf lack of integration, 
jiobal 2000 Study Wis able to increase slfghtly 
1 ^ W of lnt ** ration in ' hc Government's global 
Jdei t>y accelerating and expanding somewhat the inter- 
actions among some of the sectors. This process first 
involved bringing people together. Prior to this study, 
not one of the persons ultimately responsible for the 
long-term global projections in any of the participating 
agencies knew anyone wi;h a similar responsibility in 
any other agency. The Global 2000 Study identified 
these people, brought them together, and found ways to 
improve and increase the interactions among the sectors 
of the Government's global model. The results achieved 
-described in Volume 2, especially in Chapters 1 and 
14— still fall far short of the interlinkages achieved in 
many other global models. 

It is useful to contrast Volume 3 with the model analysis 
presented in Volume 2. Chapters 14-23 of Volume 2 were 
written by the Global 2000 central staff and reviewed by 
the agencies' modeling experts. These chapters describe 
briefly each of the agencies models, emphasizing aspects 
of the models that were important from the perspective 
of the Global 2000 mission. The purpose of Chapters 
14-23 is to discuss the degree to which the Government's 
global model can be relied upon to produce a whole, 
internally consistent set of projections. 

The purposes of Volume 3 are quite different. First, 
Volume 3 provides in a single volume the basic docu- 1 
mentation on the Government's long-term global sec- 
toral models relating to population, resources, and the 
environment. In some instances parts of these materials 
were also presented in Chapters 14-23 of Volume 2 and 
are repeated here to provide a complete volume of basic 
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documentation.* Second, it provides an explanation, in 
the words of the agencies and institutions themselves, of 
the structure of their models and the purposes for which 
their models were developed. Third, it provides readers 
of the Global 2000 Study with access to the basic mate- 
rials that were used in writing Chapters 14-23 of Vol- 
ume 2. By reviewing the material in this Volume and the 
material in Chapters 14-23 of Volume 2, the reader will 
obtain a general sense of the individual sectoral models 
and the array (and, in some cases, disarray) of their 
documentation. 

Information on some of the topics that should be cov- 
ered in the Volume could not be obtained, and as a result 
there arc several gaps. These gaps are of two kinds. First, 
the Global 2000 Study's projections for technology, fish- 
erics, forestry, water, and ;he environment are not based 
on formal analytical models but rather on various other 
techniques of scholarly r esearch, as described in Chapters 
19 and 23 of Volume 2, and there is no "model docu- 
mentation' 1 for these sectors to present here.t This 
volume therefore focuses only on the population, gross 
national product, climate, food, nonfuel minerals, and 
energy sectors. Second, even in these sectors where for- 
malized methodologies and analytical models were 
employed, there arc occasional gaps in the available 
documentation. These gaps arc discussed in the text that 
introduces the individual chapters. , 

To the fullest extent possible the documentation pre- 
sented here is reproduced exactly as it was available to 



•In some instances the basic documentation for a particular model is 
printed in a volume containing other information In these cases only 
the material most central ro understanding the model is included 
here 

tThe water projections are based in par on formal anaJytical tech- 
niques The projections by Soviet hydrologist M I L'voMch are 
based on Analytical methods described in the English translation of 
his work World Water Resources and their Future. National 
Technical Information Service. Springfield. VA, 1976, pp 69-107 
Unfortunately copyright laws prohibit reprinting the L'vovich 
methodology here. 



the Global 2000 Study team.§ As will be apparent from 
even a quick review, the documentation on the various 
sectors of the Government's global model is of mixed 
quality. If analytical models are to achieve even a f; ac- 
tion of their potential for aiding policy analysis and plan- 
ning, the quality of documentation must improve, and 
so too must the extent and consistency of interactions 
among the sectors of the Government's global model. 

The Global 2000 Study has made important strides 
toward these goals. The Government's data and models 
have been evaluated and their gaps and weaknesses iden- 
tified. In addition, for the first time experts responsible 
for long-range global analysis and modeling within the 
Government have been brought together to exchange 
their knowledge and perspectives on global trends and 
to begin developing the capacity to produce interactive, 
internally consistent projections. 

Thus the Global 2000 Study has set the foundation 
for the construction of the type of foresight capability 
that the United States will need increasingly in the dec- 
ades ahead. The task of strengthening this foundation 
and building upon it should continue, ultimately draw- 
ing together the best of what the Government and the 
private sector have to offer in the field of long-term 
analysis. It is with this task in mind that the material in 
this Volume is presented in the framework of the Gov- 
ernment's "global model." 

A special note of thanks must be extended to Mr. Bardyl 
R. Tirana, Mr. Clifford McLean, and Mr. George Divine 
of the Defense Civil Preparedness Agency (later reorga- 
nized as the Federal Emergency Management Agency) for 
providing the funds for the preparation of this volume . 
of the Global 2000 Study. 

Gerald O. Barney 

Editor and Study Director 

January, 1981 

§In one case some additional documentation became available after 
completion of the Global 2000 model analysis. Reference to this 
additional material is made in (he text introducing the energy 
chapter 
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1 The Population Sector (Bureau of the Census) 



Introduction 



Two sets of population projections were developed 
for the Global 2000 Study, one by the U.S. Bureau of 
the Census (Census) and the other— at the request of the 
Population Office of the U.S. Agency for International 
Development (AID)— by the Community and Family 
Study Center (CFSQ at the University of Chicago. 1 The 
CFSC projections were included because they are used 
by the Population Office of AID to illustrate how effec- 
tive, well-funded family planning programs might reduce 
world fertility. Documentation for the population model 
used by the Bureau of the Census is presented in this 
chapter. Documentation on the CFSC model is presented 
in Chapter 2. 

Basic documentation for the Census population pro- 
jection model is presented in the following section en- 
titled "Population Projections." 2 This section describes 
several general methods by which the Bureau of the 
Census develops population projections, and describes 
specifically the cohort-component methodology which 
was used to develop the Global 2000 projections. 

In addition to the general information on the cohort- 
component methodology, the Bureau of the Census pre- 
pared more specific and detailed information on the 
methods and assumptions used in developing the Global 
2000 projections. This more specific information is pre- 
sented here in two sections, "Projection Methods" 1 and 
"Sources of Base Year Data and Projection Assump- 
tions. "* The second of these two sections provides detailed 
rationale for the specific fertility, mortality, and migra- 
tion assumptions that underlie the Census projections. 

When the Global 2000 food projections were com- 
pleted, they showed several countries in central Africa 
experiencing a significant decline in per capita food con- 
sumption. The Bureau of the Census was asked about 
the consistency of its mortality assumptions vis-a-vis the 
U.S. Department of Agriculture (USDA) food projec- 
tions. Census replied by memorandum on December 1 S, 
1977, indicating that, as best one can tell, the Census 
and USDA projections are consistent. The memorandum 
from Census is reproduced here. 



The Bureau of the Census made a supplemental pro- 
jection of world population through the year 2100 at the 
request of the Global 2000 study team. This projection 
assumes a continuation during the twenty-first century 
of fertility and mortality rates projected in the Global 
2000 medium case for the year 2000. The results of these 
projections are presented here. It is interesting to note 
that the annual percentage increase in the world's popu- 
lation declines until the middle of the twenty-first cen- 
tury, and then increases somewhat as the still rapidly 
growing less developed country (LDC) populations be- 
come a higher percentage of the world's population. In 
this projection, the world's population approaches 30 
billion by 2100, and the percentage of the world's popu- 
lation living in LDCs increases to 94 percent. 

The Bureau of the Census has an ongoing program of 
updating its projections, and after the Global 2000 pro- 
jections had been printed in Volume 2, Census developed 
some updated figures for a few countries and a new total 
for the world based on the updated estimates for the few 
countries. The world total projected for 2000 is about 3 
percent lower in the new projections. The updated infor- 
mation is discussed briefly in Volume 1 of the Global 
2000 Report and is presented fully here. 

Finally, Census prepared several tables and graphs 
comparing its projections and assumptions with those 
of CFSC. These tables and graphs are presented in the 
last section of this chapter. 
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1. See The Global 2000 Report to the President, vol 2, pp. 7, 502. 

2. "Population Projections ," in Henry S. Shryock, Jacob S. Siegel, 
and Associates, The Methods and Materials of Demography, vol. 2 V 
Washington: Government Printing Office, 1971, pp. 771-806. 

3. "Projection Methods," in U.S. Department o f Commerce, Bureau 
of the Census, Illustrative Projections of World Populations to the 2 1st 
Century, Washington: Government Printing Office, 1979, pp. 13*15. 

4. "Sources of Base- Year Data and Projection Assumptions," Appen- 
dix B in ibid., pp. 95-116. 
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Population Projections 



INTRODUCTION 
The Nature and Types of Population Projections 

The distinction was made between projections and current 
estimates in the previous chapter. As may be recalled, current 
estimates make use of actual postcensal data from the recent 
past in the form of vita* statistics, tabulations from population 
registers, or statistics that are merely correlated with popu- 
lation change. Where there are no such data, the current esti- 
mate reduces methodologically to a short-range projection 
but even here account could be taken of qualitative information 
concerning, for example, a natural disaster, war, famine, epi- 
demic, or mass migration. Conventionally, projections into 
the future make no alfempl to speculate about such possibil- 
ities because they are essentially unforeseeable. 

Although we think of projections as applying to future popu- 
lation, the projection may also be into the past. There is some- 
Xwm interest in historical figures for dates preceding the first 
census. One way of making such a "precensal" estimate is to 
project the population backward by essentially the same tech- 
niques that are used for making forward projections. 

The distinction should be made between projections and 
forecasts. 1 When the author or the subsequent user of a projec- 
tion is willing to describe it as indicating the most likely popula- 
tion at a given date, then he has made a forecast. At the other 
extreme, a model worked out to illustrate certain analytical 
relationships, on assumptions that are described as highly 
unlikely, would not be regarded as constituting a forecast of 
ftiture population growth. It is apparent that, in this usage, all 
forecasts are projections but not all projections are forecasts. 

Population projections, then, are essentially concerned 
with future growth. They may be prepared for the total popula- 
tion of nations, their principal geographic subdivisions, or 
specifa localities within them. Projections may also be prepared 
for raf idence classes, such as urban and rural population and 
5 *5P* 'locality classes. The principal characteristics' for which 
projections need to be made are age and sex. Projections may 
also be made for various social and economic subgroups of 
the population and for other demographic aggregates. The 
most frequently required and produced arc projections of the 
population in terms of (I) educational characteristics (i.e., 
enrollment and attainment), (2) economic characteristics (i.e., 
economically active population, employment distributed by 
occupation or industry), (3) social aggregates like households 

'John V Grauman "Population Estimates and Project*™"' m Philip M 
Hautcr and Om Dudley Duncan (ed ), The Study of Population. Chicago, 
Uwvmity of Chica*i Pres*. 1959. pp 344-371: and Irving Surge). TecV 
Mtotka^Chanta and Long-Run Forecasting." Journal of Business K 2«<3> 146, 



and families. This chapter is concerned with projections of the 
total population of countries and their geographic subdivisions 
and with projections of the age and sex distribution in such 
areas. Other types of demographic projections are considered 
in appendix A. 

Uses oi Population Projections 

The principal uses of population projections and other 
demographic projections relate to government or private 
planning. Demographic projections may be used directly ok 
a? the basis for preparing other more specialized types of 
projections. These include, for example, projections of the 
expected number of retirements from the labor force in a given 
4 period, and of the required number of teachers or classrooms, 
housing units, medical personnel and facilities, etc. The users 
include national and local governments, business firms, labor 
unions, university research centers, and social service organiza- 
tions. A fairly detailed discussion of these uses and users is 
given in a recent publication of the United Nations. 1 The less 
advanced countries of the world have recognized the necessity 
of making concrete, comprehensive plans for achieving specific 
goals of public policy related to accelerating their social and 
economic development. A first step in planning is to study 
relevant aspects of the population and economy both at the 
present time and in the recent past. As the United Nations 
notes, "such study provides a basis for projections represent- 
ing plausible future courses of development under the assump- 
tion that future conditions will evolve in an orderly* manner 
from those of the present and past." 3 In addition to the uses 
in the field of planning, there are important uses in demographic 
analysis and related types of scientific studies. 

PROGRAMS OF POPULATION PROJECTIONS 

International Programs 

Some of the international agencies have both compiled and 
published national population projections and made their own 
projections for the world and regions. They have provided 



« United Nations. General Principles for National Programmes of Population 
rto it M96? f f ° Devthpment W<W " M »* Sene» A, Population Studies. 
3 Ibid. p. 2 



j«2°J e ~* T , h,s ch fP} 9T ****** substantial usa of Background Paper WPC/WP/ 
454, Projections of the Total Population and of Afte-Sex Strw tare, by Henry S 
Shryock. Jr . «nd Background Paper WPC/WP/494. Projections of Urban and 
Rural Population and Other Soiio-EeonomU Characteristics, by Jacob S. Sietel, 
both prepared for the United Nations WorW Population Conference. Belgrade. 

I to* 
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leadership in many aspects of concepts and methodology and 
have published a number of instructional manuals. 

The United Nations has published two comprehensive sets 
of population projections for the countries of the world* one ,n 
1958 and another in 1966. The later report presented projec- 
tions of the total population of the world, major areas, and 
regions for 1960 to 2000, and projections of the total popula- 
tion of each country for 1960 to 1980.* These piojections take 
into account the results of censuses taken in many countries 
in 1960 and 1961. The 1958 report also presented projections 
of the future population of the world, regions, and countries, 
but on the basis of the censuses taken around I950. 5 For 
various dates between 1954 and 1959, the United Nations also 
published rather detailed projections by sex and age groups 
for certain regions and countries, particularly in Central and 
South America and Asia." Earlier, the League of Nations had 
sponsored the publication of a set of comparable projections 
for the countries of Europe and the Soviet Union. 7 

Projections for groups of individual countries have been 
compiled by various international regional agencies — OEEC 
(OECD), IASI, EC LA, CELADE, the Caribbean Comis- 
sion.* The regional Demographic Training and Research Cen- 
ters of the United Nations, which may work in cooperation t 
with various national agencies or universities, have produced 
sets of projections for some of the countries in their region. For 
example, CELADE, which is jointly sponsored by the Uni- 
versity of Chile, has published projections for many countries 
of Latin America. 

Other sets of projections for groups of countries have been, 
prepared by individual govern rnerts or private organizations or 
offices. 1 The United Nations has not presented in the Demo- 
graphic Yearbook a compilation of population projections made 
by national agencies. 

Comparability. -International agencies have not made direct 
recommendations regarding the specific form and methodology 
of projections to their member countries, or set standards of the 



* United Nations. World Population Prospers us Assessed in 1963. Scries A. 
Population Studies. No 41, 1966 

1 United Nations, The Future Growth of World Population. Series A, Popula- 
tion Studies, No 28. 1958 Earlier sets of world population projections were 
published by the UniUd Nations in "The Past and Future Growth of Vorid 
Population- A Long-Range View," Population Bulletin. No I, |9?2. and 
"Framework for Future Population Estimates. 1950-80. by World Regions," 
Proceeding of the World Population Conference. I 954 < Rome). Vol III. 1955 

* United Nations. The Populution of Central Amemo Urn hiding Mexuo) 
1950-80. Series A. Population Studies. No 16. 1954, The Population ojf South 
America, 1950-80. Series A. Population Studies. No 21, 19*5, The Populutton 
ofSouth-Eust Asio (including Ceylon und China Taiwan). 1950-80, Series A. 
Populafion Studies. No 10. I959. and The Populutton oj 4sia and the Far East 
1950-80, Series A, Population Studies No 31. 1959 

7 Frank W Notestein et ul . I he Future Population hJ Europe and the Soviet 
Union Population Projet turns. 1940-70 Geneva. I eague of Nations, 1944 

■ Organization for European Economic Co-operation. Demogruphtt Trends m 
Western Europe and tn the United States. /95ft- 76. Pans. 1961. Organization 
for Economic Co-operation and Development. Demogruphtt 1 rends tn Western 
Europe and North America ' *65-80. Pans. 1966. Interamencan Statistical 
Institute, Panamerican Um< 4 merit a t n t ifrm 1 969 Provet t ton de la pnbla 
« ion por se xo y grupos de edud. 1 961 -SI ( A merit u in figures. 1 969 Proje ( turn jf 
population by set and ufte. 1 961 -HI >. Washington. D C . 1969. Caribbean Com- 
mission. The Oemographu Problems of the Area Served by the Caribbean Com- 
mission Projections prepared for the Technical Conference on the Demographic 
Problems of the Area Served by the Caribbean Commission, Port of Spain. Tnm- 
dad. July 25- Aug 2, 1957 \ 

" France, Service de cooperation, Institut national de la statist ique et des 
Etudes 4conomK)ues. Perspectives de population duns les pu\% ufneams et 
Malgache d* expression fran^ase, ttude de svnthese des enquetes demograph- 
ies recentes (Projet lions of population tn the Frem hspeuktng tountries of 
Africa and the Madagt.stur region). Pans, December 1963. V S Bureau of the 
Census. Intemutional Pttpulatton Reports. Series P-90 and P-91. Nathan Key- 
fit* and Wilhelm Plieger. World Population An Anuhsts of Vital Data. ( hicago. 
III. University of Chicago Press, 1968. and Nathan Keyfitz and Fdmund M 
Murphy, Comparative Oemographn Computations, Population Research and 
Training Center. University of ( hicago. < 4 -cago. Ill . 1964 



type found in the case of censuses and vita! statistics. The 
United Nations has set down some guiding principles, however, 
noting that "both the requirements of population projections 
and the available resources to satisfy these needs differ from 
country to country, and uniform prescriptions would not be 
suitable for all countries; therefore, . . . guiding principles 
... are formulated in such a way that they can be adapted in 
each country to national needs and available resources. These 
principles will also help to achieve as much international com- 
parability of projections as is compatible with existing differ- 
ences in national needs and resources.'* 10 

The national projections prepared by national agencies have 
been assembled in unified reports issued by international 
organizations or. various occasions, and these sets of projec- 
tions have followed common guidelines in varying degrees. 11 
The national projections made according to a common set of 
assumptions and methodology by a single agency or office are 
much more likely to be comparable, however ts Even here, 
however, comparability is affected by differences in the avail- 
ability and quality of the basic national data. In fact, a uniform 
methodology tends toward the least common denominator 
of what is available. The dilemma then is whether to have more 
regard to uniformity or to the inclusion of those individual 
projections that are noteworthy for sophistication of assump- 
tions, dat:, and methodology. The most recent study of wond 
population prospects by the United Nations attempts to 
embrace the best features of both approaches. 13 The population 
models developed at the United Nations also provide a unifying 
framework for assumptions concerning future trends in the 
components of population change. Underlying these models, 
there seems to be a theory of demographic transition, although 
Grauman and others have characterized the demographic 
transition as one of the discredited laws of population growth. 14 
In a very general way, there does seem to be such a phe- 
nomenon although demographic changes in a given country 
may not conform very closely to any of the models. 



National Programg 

The best sources for the population projections prepared by 
national governments are the publications of the governments 
themselves. As was mentioned in the preceding section, some 
of these projections have been included in international 
compilations although in these compilations they have often 
been abridged in detail or even adjusted in some fashion in the 
interests of comparability. The scope of national population 
projections programs varies enormously in respect to resources 
devoted to them, frequency and detail of the projections, and 
the kind of publication, including the extent of the explanation 
of the methodology and assumptions, the analysis of the results, 
and the interpretation of the future trends implied. 

As far as the Calculations themselves are concerned, the 
methodology, computational procedure, and the detail of the 
resulting figures will depend upon a number of factors, includ- 
ing particularly the needs of the national government and of 



10 United Nations. General Print tples for National Programmes of Population 
Projection* as Aids to Development Planning, p. I 

11 See. >r example. Organization for European Economic Co-operation, op 

cit 

11 France. Institut national de statittique et des Etudes exonomiques, op cit , 
Keyfitz and Fheger. op cit , Keyfitz and Murphy, op cit . Notestein et al. 
op cit . various United Nations publications cited 

11 United Nations. World Pollution Prospects as Assessed in I96J. pp 
44-45 

M Grauman. op cit.. p 5*1 
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various sectors of the general public (which will affect the 
resources to be devoted to a program of population projec- 
tions), and the availability of time, basic data, trained demog- 
raphers, electronic computers, and competent programmers. 
Rather elaborate sets of projections from the standpoint of 
the number «f different series published " *rr made even in 
the days befflj^ the electronic computer, however. The 16 
series of projections made in the I940's for the Royal Com- 
mission on Population (Great Brita n) were all done on desk 
calculators, as were the 12 series of U.S. projections made by 
Thompson and Whelpton for the National Resources Planning 
Board. 15 Nowdays. the elaboration of the work it likely to 
come in terms of the specificity of the "input" data (disaggrega- 
tion in terms of race, marital status, parity, cause of death, 
etc.) and the detail of the "output" data rather than solely in 
the number of combinations of assumptions 

Many countries have recently pioduced their first official 
population projections, often as a basis for their formal plan 
of economic development. Other countries have previously 
produced one or more sets of projections and their program 
involves updating the figures from time to time, taking account 
of the rapidity with which the demographic situation is ^hanging 
and particularly the suspected occurrence of a turning point in 
previous trends. Some countries change their project. )ns at 
frequent intervals if they are repeatedly getting out of line with 
actual demographic developments. 

Although virtually never does more than one national agency 
in a country take a census or register vital events, it is not 
unusual for more than one agency to prepare the same type of 
population projections or projections of such demographic 
aggregates as the labor force, the population attending school, 



or skilled manpower. In other countries, several agencies may 
have a division of labor with regard to these different kinds of 
projections. In still other countries, the responsibility for pre- 
paring official projections of various kinds may have been 
assigned to a single agency Sometimes the work of oreparing 
official projections may be contracted to a person or organiza- 
tion outside the national government. An example of such an 
arrangement involving an international agency was mentioned 
above (i.e., League of Nations). 

The projection:* differ from one country to another as to the 
method employed. This method may often involve the separate 
projection of the components of migration, births, and deaths, 
particularly where adequate vital statistics are available. For 
a given country alternative projections may be derived with 
different assumptions as to migration, or fertility, or mortality, 
or a combination of these components. 

Tables 24-1 and 24-2 provide illustrations of official 
projections published by national agencies in the less developed 
countries. Table 24-1 gives a summary of projections for Pakis- 
tan according to three assumptions regarding future fertility 
after 1960- (!) constant fertility; (I!) constant fertility until 
1970. then 30 percent linear decline to 1985, constant there- 
after. (Ill) constant fertility until 1965, then 50 percent linear 
decline to 1985, constant thereafter. Panama's projections also 
employed three fertility assumptions after 1 960- (I) increasing 
fertility, (ll)constant fertility, and (II I) decreasing fertility (table 
24-2). Projections of age-sex distributions usually accompany 
projections of the total ) population in national reports. Less 
commonly, the reports include projections of various charac- 
terises of the population, such as urban and rural and eco- 
nomically active populations 



Table 24- 1 Projections of the Population of Pakistan by Sex According to Three Assumptions 

Regarding Fertility: 1965 to 2000 

[In thousands. Midyear population] 



1980 


198^ 


1990 


1995 


2000 


200,009 
18«,328 
•172,984 


247,254 
219,903 
193,810 


305,767 
213,704 
218,515, 


378,718 
305,141 
246,471 


470,546 
359,413 
276,874 


102,746 
96 , 764 
88,906 


126,728 
112,714 
99,346 


156,476 
132,359 
111,770 


193,618 
155,915 
125,858 


240,421 
183,478 
141,197 


97,263 
91,564 
84,078 


120,525 
107,189 
94,464 


149,291 
126,345 
106,745 


185,100 
149,226 
120,613 


230,125 
175,935 
135,676 



S«i and »*sumption 



I960 



4. 



l ^ 



BOTH SEXES 



A«unj)tion I... 
Aaauojrtian II, . 
Assumption III. 



97,720 I 
c 7,720 I 
97,72C i 



113,948 
113,94? 
113,948 



134,939 
134,939 
131,667 



MALE 



Aaaiwption I 


50 


,455 


58 


881 


6? 


652 




50 


,455 


53 


881 


69 


652 


Assumption III 


50 


455 


58 


881 


67 


981 


FOIALE 
















47 


265 


55, 


ii67 


65 


287 




47 


265 


55, 


J67 




287 




47 


265 


55, 


067 


63, 


686 



163,027 
159,6% 
151,582 



83,963 
82,261 
78,107 



79,064 
79,437 
73,475 



..,« ^RwM^u^Rukanudd^ P '*""°""" P "' J " """<*" ' 9M ' 20O °' "> 1 « ' M — R » h ™ Khan. 



11 United Kingdom. Royal Cor mission o* Population, Papers of the Royal 
Commission on Population. Vol H. Reports andSeiet ted Papers of the Station s 
C ommtttee, London. H M*Stationery Office 1950. and U S National Resources 
Planning Board. Estimates of Future Population of the t'nited States, 1940- 
200ff by Warren S Thompson and Pascal K Whelpton. Auaust 1941 
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Table 24-2. -Percentage Distribution by Broad Age Groups of the Projected Male and Female 
Population of Panama, According to Three Fertility Assumptions: 1960 to 1980 



Age group 


— * 

Mate 


Ft male 


1960 


1965 


1970 


1975 


1980 


1960 


1965 


1970 


1975 


1980 


ASSUMPTION I 
























100.0 


100.0 


iOO.O 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




43.32 


43.96 


45.07 


46.04 


46.72 


43 19 


44.14 


45.03 


49.85 


46.41 




41>48 


40»67 


39.82 


39.38 


39.39 


41 J76 


41.16 


40.40 


39.98 


39. A 




11.67 


11 72 


1 

IX . J 7 


1 1 Cli. 
11. u*> 


10.19 


11/03 


11.02 


10.96 


1Q.62 


10.02 




3 .53 


3 .63 


J. ?c 




3.70 


y.6o 


3.68 


3.61 


3.55 


3.66 


ASSUMPTION II 
























100.0 


100.0 


100.0 


10O0 


100.0 


iW) 


1O0.0 


100.Q 


100.0 


100.0 




43.32 


43.90 


■ 44.81 


'45.49 


45.^8. 


43.59 


44.08 


44.78 


45.31 


43.37 




41.48 


40.72 


40.00 


39.78 


39.99 


41.78 


41.21 


40.58 


40.38 


40.32 




11.67 


11,74 


11.65 


u. i; 


10.37 


11.03 


11.03 


11.01 


10.73 


10.18 




3.53 


3.o4 


3.54 


3.58 


3.76 


3.60 


3.68 


, 3.63 


3.58 


3.73 


ASSUMPTION III 
























100.0 


100.0 


100.0 


100.0 


100.0 


100,0 


100. U 




100.0 


100.0 




43.32 


43.80 


U.44 


44.71 


44.69 


43.59 


43.97 


44.40 


44.54 


44.38 


15 to U ye*Pi 


41.48 


40.79 


40.27 


40.35 


•40.84 


41.78 


, 41.29 


40.86 


40 95 


41.38 


43 to 64 yean 


11.67 


11.76 


11.73 


11.31 


10.62 


11.03 


11.05 


11.09 


10.88 


10.43 




3.53 


3.65 


3.56 


3.63 


3.85 


3.60 


3.69 


3.65 


3.63 


3.81 



/o<rt^/aJrt^ P ^k fr rT Pan ;*"? a ;. de MtadistiCd V censo. Estudntua Panameha, Supplement. El <reanuento de lu poblaaon Panumenu en ehperiodo 

1950 a I9B0 (Growth of the populaton of Panama in the period. 1950 to 1980), by Vilma N M*dica, PanamA. 1966, table 42. p 54 



Programs of State and Local Governments and of Private 
Organizations 

In some countries, where many planning activities are carried 
out by state (or provincial), regional, metropolitan, or local 
agencies, a very large number of demographic projections may 
be produced and even published. Thew vary greatly in so- 
phistication and form of presentation. Universities, private 
research institutes, and business organizations have added Xi 
the volume of available projections. An indication of the kinds 
of State and' local agencies in the United States that prepare 
population projections was obtained as a by-product of an 
inventory conducted by the Bureau of the Census regarding 
programs of current population estimates. 19 

The pioneering work of Warren S. Thompson and P. K. 
Whelpton of the Scripps Foundation in developing the compo- 
nent method has had an enormous influence on subsequent 
work around the world. Their Projections for the United States 
were adopted as the official i ^. Government projections in 
the 1930's and early I940"s; however, by the midfortie. the 
method and the official responsibility for preparing projections 
were taken over by the Bureau of the Census. The Scripps 
Foundation returned to this field in the late fifties and sixties 
when Whelpton and his associates developed projections of 
the U.S. population on the basis of fertility "expectations" 
data obtained from the Growth of American Families Studies. 
In an earner generation, the logistic curve, promoted by 
Raymond Pearl and Lowell J. Reed of Johns Hopkins Uni- 
versity, was a tool widely used by demographers and others 
in the projection of future population growth, both in the 
United States and abroad <ch. 13). 



"US Bureau, of the Cen«j*. Current Population Reports. Series P-25. 
No 328. "Inventory of St»v and l ocal Agencie* Preparing Population Ett»- 
matet Survey of 1965." Maich 8, 1966 



GENERAL ISSUES AND PRINCIPLES 
The Framework of Assumptions 

Basic Assumptions. — It is almost commonplace to preface 
published projections with a statement that it is assumed that 
the area will not be visited by a war or a natural disaster, 
furthermore, no attempt is made ordinarily to allow for future 
economic fluctuations of a cyclical nature. Of course, the age- 
sex structure of the population, the marital status and cumula- 
tive fertility of its women, and other measures of its' current 
demographic status reflect the impact of such events in the past. 
The reports presenting the projections do sometimes state that 
conditions of nearly full-employment are expected to continue 
or that the gross national product is expected to increase at a 
given percentage per annum -even though relatively little is 
known about how variations in these economic phenomena 
affect population growth. 

Number of Scries and Combination of Assumptions. - Because 
of the evident uncertainties regarding future population 
changes, it is desirable to present more than one series of 
projections, in the case of both national projections and 
subnational projections. These may represent combinations 
of multiple assumptions concerning one or more of the compo- 
nents of population change. For example, there may be high, 
medium, and low assumptions for mortality and fertility. The 
high assumption may represent constant mortality or fertility; 
or all assumptions may call for decline and the variations may 
relate only to the date of onset or the rate of decline, in our 
era, increases in these components are regarded as very un- 
likely in many countries. 

The various combinations of assumptions regarding fer- 
tility, mortality, and migration may give rise to a very targe 
number of series of population projections. The 16 projection 
series published by Great Britain's Royal Commission on 
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Population, mentioned above, were chosen (ran 250 possible 
combinations. All tlte published projections were desc/ibed 
as reasonable possibilities; the other combinations were not 
workeJ out became particular levels or trends of mortality 
did not seem compatible with particular levels or trends of 
fertility. Thus, it would be very unlikely that expectation of 
life at birth would rise to 70 and continue at that high level 
whsle fertility remained constant, say at * total fertility rate 
of 6.0. Such combinations have never been observed in demo- 
graphic history; and they would imply remarkable incon- 
sistencies with regard to modernizing developments in the 
fields of medicine, public health, economic development, and 
attitudes toward marriage and the family. 17 

One series may be designated as ' most probable" or as a 
"bes! judgment" series. This usage indicates that an effort ^s 
being made to "forecast" and not just to "project." The 
medium or antral series is ordinarily taken to be the most 
probable series. If only three series are prepared, the distri- 
bution of the high and low series about the medium series 
does not have to be symmetrical, but the usefulness of the 
projections is enhanced if the series are at least roughly sym- 
metrical. The rar>«e from the highest to the lowest of the 
"reasonable" series presented may be regarded as a rough 
indicator of the degree of uncertainty regarding future popula- 
tion change. It is doubtful wheiher the range should be inter- 
preted in a probability sense, however. (See the discussion 
below of the accuracy oi projections.) One series -nay usefully 
be included in a set of projections whkh represents a "con- 
tinuation of. current levels." When we apply this general as- 
sumption to fertility, we have to choose among the severa 
ways of measuring the level of fertility as well as the calendar 
year r group of veal's which is "current." 

Principal and Analytic Series. -The series we have just 
described may or may not all represent reasonable possibilities. 
Assumptions or combinations of assumptions regarded as very 
unlikely of attainment may be presented for their analytical 
value or to set an upper or lower limit within which population 
growth is virtually certain to remain. Series I of the projec- 
tions made for the United States in 1958 represents an ex- 
ample of the latter type." Another example is provided by the 
projection series for South Korea that was based on the 
assumption of the continuation of current mortality and 
fertility levels. The report noted that the assumption is not 
realistic, buHt was included because it provided a useful bench- 
mark against which to«toeasure the effects of declining mortal- 
ity. 1 * The difference between the series allowing for declining 
mortality and the model analytic series assuming constant 
mortality would represent the effeci of declining mortality. 

At suggested above, in these and other examples, certain 
aeries may be characterized as reasonable possibilities and 
others as linreasonable possibilities. A more explicit way of 
distinguishing the two kinds of projections is to include some 
or all of the former as "principal series" in thf regular tables 
of the pubfished report and to place the latter in an appendix 
as "an»iytic seiies," including any series that were elaborated 
simply to serve as a benchmark for the other series. An 
appendix may also include reasonable series which represent 



II H 1 !?^ N * tiom j Wo*'' Ration Proipects as Aliened in m$. pp 47-48 
ii? «ii *IS" uJSL*. J i' £ un,nt PoPHtoion Reports Sen** P-25. No 
ffi iSRM?^ Portion of the Unfced State, by A.e -nd 



in>.in:»edrte ssumptions, series derived by a melhod that 
still \w be .< n experimental stage, etc. 

Length of Projection Period 

Projections may extend for varying numbers of years into 
the future depending upon the type of area in question, the 
needs to be served, the conception of the problem by the 
analyst, and the available resources. Projections made nearly a 
century ahead by the U.S. Social Security Administration, as a 
basis for the long-range cost estimates of the social security 
system of the United States, represent one extreme." The 
projections for Great Britain made for the Royal Commission 
on Population also extended a century ahead, covering the 
period 1947 to 2047. Projections of just a few years used for 
short-term economic analysis represent the other extreme. 
Lohg-t?rm projections (over 25 years) are needed in connection 
with the development of water and forestry resources, major 
transportation and recreational facilities, and pl/nning for pro- 
vision of food, whereas Oiiiy middle-range projections (10 to 
25 years) are required for planning educational and medical 
facilities and services, and housing needs. Relatively simple 
methods may be used both for short-range projections (under 
10 years) and for the extensions of middle-range projections 
beyond 25 years. For projections up to 25 years ahead the more 
elaboiate methods are usually employed and are recommended. 
Differences in the accuracy of national and subnational pro- 
jections suggest that, in general, the latter be extended for sub- 
stantially fewer years inio the future (see below). 

Frequency and Nature of Revision 

There is, in general, a real problem as to how often an orga- 
nization should revise its projections and how fundamental the 
changes should be. Primary factors pertinent to these decisions 
include: ( I ) The extent to which the present projections are out 
of line with current estimates, (2) the mere passage of time, say 
a few years, during which at .';ast some of the series of projec- 
tions must deviate from the current estimates, (3) the avail- 
bility of additional data, not only for more recent periods but 
also (more refined data) for earlier years, (4) advances in meth- 
odology. Secondary factors include (I) the availability of re- 
sources and (2) the need to meet an established publication 
sche Ac. The revision may consist of merely "splicing in" ad- 
justed projections for the next few years or of making a sr. 
absolute or ratio adjustment of all the original projections, in 
order to make them consistent with newly available current 
data. In such cases the basic assumptions are not otherv:se 
modified. In other cases, the most recent data may suggest the 
need for major modifications in the basic assumptions and 
hence a recalculation of all the projections. 

Detail of Presentation 

National reports on population projections will differ greajly 
in the detail shown, but they should be fully informative as 
to how the projections were made. In addition to the principal 
series, the report may usefully present a number of supple- 
mentary series- including additional combinations of the basic 
assumptions and analytic series. Single ages or broad age 
groups and annual or quinquennial figures may be presented, 
depending on the quality and need for the figures. VVhen there 
are many series, the age or chronological detail may be abridged 



» V S Social Security Administration, office of the Actuary. "United States 
Population Projections f Qr OXSDHI C ost Fatimates " by Franc»sco Bayo 
At tuunul $tud\ \'„ 62, December 1966 
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for those scries that arc not considered the principal scries. 
The text should fully discus* the choice of assumptions, the 
methodology* the resulting projections* and even their implica- 
tions. It is useful also to present the relevant information on 
the past trends of the components of population change which 
were taken into account in choosing the assumptions, the 
implied birth and death rates at future dates, and other demo- 
graphic summary measure* 

METHODOLOGY 
Some Methodological Principles 

f rom the above discussion of principles, several conclusions, 
or indeed recommendations, regarding methodology emerge. 
The choice of methods, although affected by the other con- 
siderations mentioned, should be determined primarily by the 
data available. The availability of adequate statistics on the 
age-sex distribution of the population and of adequate statistics 
on age-sex-specific fertility and mortality ordinarily cal]* for a 
conort -component method. Using theoretical models, the 
cohort component method may also be employed without 
benefit of recorded age detail for fertility and mortality. Even 
if there a r e some defects in the basic data, howkver, it may 
often be advisable to adjust the data rather thaJsip have 
recourse to a more theoretical model. More time may then 
need to be spent on evaluating and adjusting the basic data 
than on computing the projections. 

The trend toward refinement of the methodology of popu- 
lation projections has led to increased specificity of the as- 
sumptions and the estimation categories on the ground that 
more accurate assumptions can be made for those more specific 
categories. The impetus toward specificity derives in part 
from the thesis that the quality and usefulness of projections 
will be enhanced by employing a method whose steps parallel 
the order of events in teal life. This principle leads to the use 
of methods based on birth or marriage cohorts/and specific 
rates for the frequency of events affecting th<!se c&hqrts "as 
they progress through life In its fully developed form wefiavfc- 
a population model. 

in order to take advantage of the n.ost up-to-date knowl 
tdge of recent events, the benchmark of the projections should 
be the latest postcensal estimates (including scuple survey 
estimates) or, failing that, the latest census counts. There 
would ordinarily be only one set of population figures at e 
benchmark date; however, if the current estimates are i o- 
ject to considerable error, including sampling error, a ran<>* 
of estimates may be employed. For later dates, there shoul < 
be at least two pnnr ^»al projection series. Moreover 
various series in a single set of projections should cont* 
to some general system of projections, permitting easy com- 
parison of the assumptions and results. Finally, the assump- 
tions of each principal series should be mutually consistent 
and should not represent an unreasonable combination of 
developments. 

Clarification of Methods 

The methods of making projections may be classified in a 
num of different ways. One possible way is to distinguish 
those that can be applied independently to any type of area 
from those that are dependent on or require antecedent pro- 
jections for other areas. The latter class of methods includes 

(1) summing of projections, as in the case of adding country 
projections to secure regional or world population totals, 

(2) obtaining a projection for one area on the basis of changes 



in some other similar rt rea or more inclusive area for which a 
projection is already available. The latter procedure covers a 
wide range of techniques; e.g., distributing the projected 
population of an area among its subdivisions taking account of 
the past proportionate distribution (ratio methods) and pro- 
jecting the components of population change for an area on 
the basis of changes in these components for a similar area or 
more inclusive area for which such projections are already 
available Most typically, the independent methods are applied 
in the case of national populations, but Jhey could be employed 
to project the population of any type of area from the world 
total to a particular locality. These methods include mathe- 
matical methods and component methods applied at any 
geographic level, but particularly at the national level. Fven 
here the results over a number of areas may be adjusted to 
population figures for a parent area. In *aci, it is a principle 
of population projections to extend the degree of interdepend- 
ence wheTe possible to assume consistency of assumptions 
and results for the various areas for which projections are 
being prepared. 

Another typology of the methods distinguishes among mathe- 
matical and ratio methods, various methods using a series of 
indicators of population change, component methods, and 
combinations of these. The mathematical methods employ 
relatively simple mathematical equations to describe the 
nature of future population change of an area, taken as a whole. 
The component methods involve the separate projection of 
mortality, fertility, and net migration. The methods using 
indicators of population change embrace a variety of pro- 
cedures, some estimating total population directly, others 
estimating net migration only, which is then combined with a 
separate estimate of natural increase. The indicators (e,g., 
employment, per capita income, etc.) may be used to project 
population or net migration by a regression or a ratio procedure. 

The description of methods will begin with those methods 
applicable to national populations. It is convenient to con- 
sider ihe projection of the age-sex distribution of national 
populations at the same time because the totals aie often 
obtained by summation of projections for age groups. Projec- 
tions for the principal geographic subdivisions of countries 
are then considered. Again, projections of the age-sex distribu- 
tion for such areas are considered at he same time. As men- 
tioned earlier, projections for certan social and economic 
subgroups of the population, inclucIWfg urban and rural groups, 
the enrolled population, and the labor force, and for social 
aggregates like households and families are considered in 
appendix A. These are often derived from prior population 
p r ojections for the area Containing the subgroups, but the 
process may be reversed, *"ith the projection for the total 
population being obtained by summation over a set of projec- 
tions for the subgroups or by ratio estimation from the pro- 
jections for social aggregates. 

National Projections of Total Population and Age-Sex 
Composition 

Methods of preparing national projections of total popula- 
tion fall very simply into twe classes, mathematical methods 
and component methods. As is indicated later, the component 
method is usually the method of choice, but there are many 
variations of the component method and results may differ 
substantially from one variation to another. Mathematical 
and component methods may also be employed as principal 
methods of preparing projections of age-sex distribution for 
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countries They may be combined with ratio procedures as 
subsidiary elements in the method, as, for example, when the 
percent distribution of a population by age is projected by a 
mathematical formula. The component method is also the 
method of choice for preparing projections of age-sex distribu- 
tion, this is so even when very limited historical data on 
components or component data of doubtful quality are avail- 
able. In the latter situation, these data must first be corrected 
before the actual projections are calculated. 

Mathematical Methods. -Mathematical methods are simplest 
conceptually, usually require relatively little time to apply, 
and historically antedated tur use of component methods The 
mathematical methods involve application of some mathe- 
matical formula directly to the total population from one or 
more censuses, to derive projections cf total population. The 
mathematical equations useful for preparing projections 
correspond to those described in chapters 13 and 22 for 
measuring population change or for extrapolating time series. 
The number of mathematical forms that could be used to 
project population could be extended far beyond those cited 
there, but very few of these are actually employed. For pro- 
jecting total population, polynomial forms, including linear 
extrapolation, have little application, especially over the 
long-term. Various exponential forms are widely used, how- 
ever. These include the geometric curve, with (la» annual or 
( I b) continuous compounding, and (2a or 2b) the logistic curve 

P< = PJ\+rV (U) 

or 

P, = P*« (lb) 
\_ 

r (2a) 

I t 

at n 



where r is the grovUh rate. / is the number of years, a and b 
are. constants, and c is the base of the natural system of loga- 
rithms. In (2), the constant \ja or K is the upper asymptote 

For making a population projection, one may apply equa- 
tion (la) or Cb) either by using th^ latest intercensal rate of 
change, the average rate over a longer period, or an arbitrary 
rate, or by fitting a curve by the method of least squares to 
a series of census iotals Since growth rates are likely to change 
in the long term, these formulas are recommended for use 
only in making short-term projections 

Fitting a logistic curve is a more complicated procedure and 
requires a greater number of observations covering a longer 
period. At the same time, it is useful for projection over a 
greater period of years- than the simple geometric procedures, 
particularly if the past series has reached the point of inflexion. 
This form of projection overcomes a principal weakness in 
the use of the geometric rate, namely, the possibility of ob- 
taining extremely large population figures after a short period 
The logistic growth model has a finite upper limit with steadily 
decreasing rates of growth. The logistic curve occasionally 
seems to fit the growth history of a country, or at least a 
segment of a country's growth history, and hence should be 
applicable to projections for these countries* It has, in fact, 
been employed to make projections for a number of countries. 



especially in the Americas and in the years before World 
War II." The difficulty is to select the countries and the 
periods in the countries* history. The procedure for fitting a 
logistic curve to a series of population totals was described in 
chapter 13. A simple extension of this procedure provides the 
desired projections. Like all mathematical curves, the logistic 
is quite mechanistic; hence, it may be advisable not to apply 
it over too long a period." The logistic cannot be used to 
project a population that is decreasing. 

Mathematical methods are now much less frequently 
employed to estimate the population of countries than formerly, 
even though they have by no means been abandoned. 23 Com- 
ponent methods have been displacing the mathematical 
methods. 

Component Methods. -These methods involve the separate 
projection of mortality, fertility, immigration, and emigration. 
As in preparing population estimates, the last two components 
are usually combined in the form of net migration; and even this 
combined component is often omitted, in effect, by use of an 
assumption of "no net migration " Since the method may be 
easily applied, and is conventionally applied, by age-sex groups, 
projections of age-sex structure are usually obtained directly by 
this method, and total population is commonly obtained by 
combining the projections for age-sex groups. The component 
method makes explicit the assumptions regarding the compo- 
nents of population growth and hence can give one considerable 
insight into the way population changes. Valuable by- 
products, such as various measures of fertility and mortality, 
as well as estimates of the effect of alternative levels of fertility, 
mortality, or immigration on population growth, may also be 
obtained In its simpler form the component method is mechan- 
istic in many ways. In its more complex forms, however, the 
component method becomes a rather elaborate model of popu- 
lation growth (see ch 22, "Demographic Models"). For ex- 
ample, the assumptions can be expressed in the form of 
probabilities simulating human behavior. i.e., to each member 
of the population can be attached a probability of marrying* 
giving birth, migrating, or dying within a given interval of future 
time Because the probable error associated with the projection 
of each component may be rather large, the component method 
is not necessarily more accurate, on the average, than the 
mathematical methods. 

Use oft rude rates, - In principle, crude birth and death rates 
may be employed as measures in projecting the numbers of 
births and deaths. They are rarely used in a direct fashion for 
this purpose, however, sjnee they are strongly affected by the 
structure of the population, particularly its age-sex structure. 
Crude rates have been employed occasionally in otherwise 
elaborate studies of the future on the ground that methodologi- 
cal refinement is unjustified by the state of our knowledge." 
Assumed absolute numbers have not been used for projecting 
births and deaths, but such an assumption is sometimes made 
for the migration component. 

" Irene H Taeuher. "The Development of Population Predictions in Europe 
and the Americas, kstadistua. II 1944 

"Oyorgy Acsidi and fcmil Pallos. "Methods for Population Forecasts," 
brmanrtfa (Budapest), KU 68-94, I9<8. and John Hajnal. -The Prospects 
^270nOT- «2 rju!?l9M J ° Urnal ° f Amfnvan Stauu ' cal Association, 

'I ' Amoroso, "I e qua tiro fasi di espansione demografica" (The four 
??f! ^^^mographic development), Rmsta di pohttta nonomica, 48(11) 
1 168-1 17V November 1958. and H C Plessing. "6m <L.i Logistiske Kurve og 
dens AnvendeUe 1 Praksis (On the logistic curve, its use and practice), Erhw 
sekonomi%k Tid%knflii openhagen). 2^(^.205-2^ 1 , 1962 

1 Marion ( law son et «/, Land for the tuture. printed for Resources for the 
' "'tire. Inc . by the John Hopkins University Press. Baltimore. I960 
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Cohort- 1 omponent methods. - In these methods, the compu- 
tations are carried out separately for age-sex groups on the 
basis of separate allowances for components. Specifically, 
one starts with the population distributed by age and sex at 
the base date, applies assumed survival rates and age-sex 
specific fertility rates or birth probabilities, and makes allow- 
ances for net migration by age and sex, if desired. The base 
p. pulation should be the latest dependable postcensal esti- 
mates of 1he national population distributed by age and sex. 
In the tjjvcnt that current estimates are not available or calcu- 
lable, the data from the last census can be used. The ag«r groups 
usually have 5-year class mtervals.|Five-year life table sur /ival 
rates can be applied to this base population, to bring it forw; .d 
5 years at a time and to allow for deaths in the interval, by 
5-year age cohorts. Births are usually computed by applying 
5-year age-specific fertility rates to the women of childbearing 
age at the middle of each 5-year time interval. (The actual 
measure used to project fertility may be quite different but, 
typically, this measure is converted into age-specific fertility 
rates in order to derive the actual number of births.) The 
schedules of fertility and mortality rates are either held con 
slant through all, or part, of the projection period or are 
allowed to change according to specified formulas, which may 
vary from the very simple to the quite convex. On the other 
hand, the projection scheme may be rather informal and quite 
arbitrary In any case, the determination of the prospective 
changes m fertility and mortality involves a considerable 
element of judgement. 

Projections of Mortality,- In projee: .ig the compoi\ent of 
mortality, two measures of mortality may be employed, age-, 
specific death rates or age-specific survival rates; hence, our 
discussion will be concerned principally with the different 
ways of projecting rates of these types. If the projections of 
mortality are carried out initially in terms of age-specific 
death rates, they will have to be converted into survival rates 
so that they can be applied to the population in terms of age 
cohorts 

Projections of past trends. -Where there are adequate mor- 
tality statistics for the country itself, we may start with the 
country's own age-sex-specific death rates or survival rates 
for the most recent year or period. The survival rates are 
usually calculated for 5-year age groups and 5-year time inter- 
vals and are applied to the population distributed in 5-year age 
groups at one date to obtain the number of survivors 5 years 
older 5 years later. 



5^ j i 5 



(3) 



Projections for single years of age or individual calendar 
years may be obtained by interpolation from the grouped data 
at quinquennial intervals. Once single ages have been derived 
at 5-year intervals, annual projections may be obtained by 
interpolation along single-age cohorts. If an electronic com- 
puter is available, however, the preferred procedure is to carry 
out the survival calculations directly in single ages for in- 
dividual calendar years. 

The various procedures of projecting mortality commonly 
involve a different and progressive set of survival rates for 
each succeeding 5-year period or other time unit over which 
the population is projected. Hence, each age cohort is carried 



forward, in effect, by a type of generation life table although 
generation life tables arc not actually computed. Generation 
life tables which specifically reflect the effect of earlier in- 
fluences on age cohorts have hardly been used in population 
projections. Generational effects represent the effects of health 
habits, preventive medicine, diseases and injuries, possibly 
ge.ictic makeup, etc. upon the later chances of survival of the 
members of the cohort. These generational effects are difficult 
to measure, and it is not clear whether a reduction of mortality 
in the early life of a cohort increases or decreases its mortality 
, at the older ages." Spiegelnun, Barnett, and others believe 
that many calendar-year influences affect most ages and may 
easily outweigh the generational influences." 

Projected death rates for a given country may be derived 
on the basis of a number of general procedures or assumptions 
These are: (I) Maintaining the latest observed death rates, 
(2) extrapolating past trends in the country's own death rates 
in some fashion, (3) applying standard percentage decreases 
in death rates depending on the level of the death rate at each 
successive date, and (4) establishing target rates for a distant 
future date and securing rates for intermediate dates by some 
form of interpolation. 

The first alternative would be applicable only where (a) mor- 
tality had reached a standstill and there were no signs of fur- 
ther piogress or (b) the implications of other more realistic 
assumptions were being evaluated against this "base." The 
series of death rates may be extrapolated either graphically or 
by fitting an appropriate mathematical curve. The extrapola- 
tions under (2), (3), and (4) should all provide for improvement 
in mortality, with rare exceptions, and, if death rates are al- 
ready low, the improvement should be at a decreasing rate. 
The extrapolations should be carried out independently for 
each age-sex group; and the same or different method of 
extrapolation may be used for different age-sex groups, 

The risk of arriving at unreasonably law levels of mortality 
in ihe projection period when direct extrapolation is em- 
ployed suggests that a limit should be set to the improvement 
assumed to occur. Accordingly, after a giver, future* date, the 
rates at every age may be assumed not to change any farther. 
The target rates set to avoid unreasonable levels of future 
molality may be reached in different years for different age- 
sex groups. They may be derived in a number of different 
ways: (I) Use of the rates already attained in some advanced 
geographic subdivision of the country; (2) use of the rates 
already attained in another, more advanced country, some- 
what similar to the given country in certain socioeconomic 
features but having better public health organization and lower 
death rates; 17 (3) analysis of age-specific death rates in terms 
of components, auch as principal causes of death, for which 
judgmental projections could more confidently be made;, and 
(4) determination of the lower biological limit for mortality 
at each age on the basis of present knowledge, and of the date 
by which this limit will be attained. 



"Recent evidence on ihit question it given in. United Nations. "Factor 
Analysis of Sen- Age Specific Death Rates," Population Bulletin of the Vntted 
Nations. Serb* N, No 6, 1962, pp. 149-201. 

*>fe Mortimer Spiegelman, introduction to Demography, rev ed . ( amhridgc. 
Mak. Harvard University Press. 196*, pp. 157-158. and H A R Bainctt. 
"Etf^rfmenta in Mortality Graduation and Projection Using a Modification of 
Thieles ; ormula." Journal of the Institute of Actuaries (fcngUnd). 84(11. W> 
212-229, 1958. 

'. S€c - fo f **«npki J y P«» MoraJs and A. CoMa Leal. "A evolucAo demo- 
graflca nactonaJ e o desenvolvimento economico (National population trends 
and ecoswmic development). Revlsta de eionomia (Lisbon). 1 1(4) 149-167. 
Oecmher 1951. 
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The third procedure for deriving target rates has been em- 
ployed in a number of important studies in the United States * M 
It may he explained on the basis of the particular projection 
procedure described in Actuarial Study No. 62 of the U S 
Social Security Administration Past trends in age-sex specific 
death rates were analyzed in terms of 10 cause-of-death classes, 
and medical research in progress was c valuated from the stand- 
point of the prospects of "breakthroughs" that would impor- 
tantly :ffect the level of these rates, l ow and high percentage 
reductions for each age-sex-causc specific death rate between 
I960 and 2000 were then determined on the basis of the anal- 
f ysis of the historical trends in each rate and the assessment of 
the factors which could bring about further reduction (table 
24-3) These percentage reductions were employed to derive 
age-sex-cause specific rates for the year 2000, which were 
then combined into general age-sex specific death rates for 
that year (table 24-4). The rates in the base year and in 2000 
were then converted into 5-year survival rates by life-table con- 
struction methods, survival rates for intermediate years- were 
derived by interpolation using an exponential curve. 

If one cause of death plays a dominant role, it may suffice to 
project just this cause separately | n their mortality projections 
for India, Coale and Hoover considered malaria separately 
from other causes of death m v.ew of the prevalence of that 
disease in India and of the prospects for rapid reduction in the 
disease through simple public health measures.^ 

Mortality models. - Mortality models, representing general- 
ized schemes for projecting mortality applicable to a group of 
counti tes, are generally employed when satisfactory statistics 
are not av* Wok regarding the current level and trend of mor- 
tality for a country or group of countries They are also used 
occasionally when such data are available. Mortality models 
may relate to the pattern by vv'iich current death rates are re 
duced over succt* e time units in the projection period, or to 
the way tn which the terminal levels of mortality are deter- 
mined, or to both; or they may establish specific levels of termi- 
nal mortality (Further discussion of mortality models, relating 
to systems of model life tables, with applications to statistically 
underdeveloped countries for cuirent or recent years, is riven 
inch. 25.) 

The Princeton method (Coale) and the U.N. system of model 
life tables provide a basis for determining the projected changes 
in mortality at each observed or estimated level of mortality. 
The Census Bureau method (Campbell) provides a basis for 
determining projeTtcd changes and also sets specific terminal 
levels. Studies relating to the biological limit of mortality 
have been carried out at France's Institut national d'etudes 
d^mographiques (Bourgeois- Pic hit) These studies are 
described briefly beiow. 

An early generalized scheme of projecting mortality was the 
method developed by Coale at Princeton University in the 
1940s. 30 His method was based on an historical analysis 
of age-specific death rates for populations of European origin. 



* U S Bureau of the C ensus> Foret asts of the Population of the United Stairs. 
/W5-7J.byP K Whelpton ft al . 1947. pp 8-M.US So:ial Sectmiv \dmmn 
lotion. Office of the Actuary. "Illustrative United Stales Population Projec 
tions." by T N F GreviUe. Aituanai Studs So 46, May 1957. cp 9- |6 and 
idem, "United State* Population Projections for OASDl C ost Estimates," by 
Francisco Bayo. Avtuat*at Studv No A2. December 1966. pp 10-16 Attuarial 
Studv No 46 was tht basis of the projections of mortality incorporated in the 
population projections published by the V S Bureau of the Census in C urtt nt 
Population Rept>rt%, Series P-2V Nos 286 and Ml 

» Aniley J C oaic ant* I dgar M Hoover. Population (, ronth and Enotomu 
Development in hmlmume Countnc* Princeton, N J. Princeton University 
Pl*«i. IVSS. pp 65-67 and 316-117 

* Notestein tt al . op cit .pp 183*189 



This analysis showed thai the rale of decline of these death 
rates tended to vary directly with their level, without regard to 
country or year. He derived a set of curves for age-specific 
mortality rates Uq,) by (I) separating the observed rates at 
each age into foui segments on the basis of the level of the 
rates, (2) fitting vt, iU ght l.nes by least squares to the three 
segments with the higher rates, (3) fitting an exponential 
curve to the segment with the lowest rates (the form of curve 
being chosen to prevent the rate> from becoming negative when 
extrapolated), and (4) smoothing the junctures between 
segments. 

The Princeton method was based wholly, or in large part, 
on prc-WorM-War-ll mortality experience In general, the 
decline of mortality has accelerated m the post-World-War-ll 
period. Using postwar data, Campbeli derived new constants 
for Coale's height-slope relationships and introduced certain 
"ultimate" levels of mortality at each age. 3 ' His principal 
equation is 

ntj, - (ntso - m T Je m,* (4) 

where m t a is a central death rate in the base year (last observed 
rate) at age jr. m xt is a central death rate / years after the base 
year at ajge x, m, K is the ultimate central death rate at age 
x. b T is a constant specific for age a, to be determined, and / 
represents the number of years for which the projection is 
desired. Like the Princeton study, this study found that, for 
each age group, higher death rates tend to decline more 
rapidly than lower death rates. It appeared from this new 
study, howwei. that the height-slope relationships observed 
before World War II have changed and that mortality has 
fallen much more rapidly since the end of the war than it did 
before the war. The study also followed the principle that the 
rate for any particular age should not fall below some minimum 
level, to be determined. 

The two constants, b x and *, must be determined for 
each age r in order to apply equation (4) Then the death rate 
at age x for any year / years after ihe base year can be ob- 
tained by substituting the values for these constants and w, « 
into the equation. For example, the formula for projecting the 
death rate for females 25 to 29 years old is as follows, given 
values of m«s(M6 per 1,000 population and /> = .162. 

m f « (w*-. 00046 + . 00046 

The death rate for any year / years after the base year is 
calculated by substituting values for m at the death rate in the 
base year, and / into the equation If a country has a death 
rate of 8 per 1,000 population in the base year, W years later 
its death rate would be 

w« = (.008 - .00046)<' .00046 

= (.00754)U)I742) + 00046 

= 0006 

The constant b, is a quantity representing the slope of a 
straight line which expresses absolute annual decline in 
mortality as a function of the level of mortality The method 

11 v * Bureau of the Census. International Population Reports. Series 
P-91. No \ "A Method of Projecting Mortality Rates Based on Postwar 
International Fapenence." by Arthur A < amphell, 1918, pp 1-16 
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Tabic 24-3 -Postulated Low Male Death Rates for the United States for the Year 2000 as Percent 

of the 1959-61 Rates, by Age and Cause-of-Death Group 



A,. 



Utodar l 

1 to 4 

5 to 9 

10 to 14 

13 to 19 

20 to 24 

23 to 29 

30 to 34 

33 to 39 

40 to 44 

43 to 49 ; 

30 to 34 

33 to 39..* 

60 to 64 

63 to 69 

70 to 74 

73 to 79 

00 to 64 ; , 

63 and over 

Total, all af»« } , 



5 
10 
15 
20 
30 
40 
40 
40 
50 

21.6 



Cauae*of*deatli group* 



20 
20 
20 
15 
10 
10 
10 
10 
15 
" 15 

20 
20 
25 
30 
40 
50 
60 
30 
90 



70 
60 

70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
75 
80 
85 
90 



IV 



50 
50 
50 
60 
70 
80 
85 
90 
90 

90 
90 
90 
85 
85 
85 
85 
90 
90 

86.6 



V 


VI 


VII 


VIII 


XI 


X 


60 


55 


50 


80 


60 


50 


50 


40 


30 


70 


63 


40 


40 


30 


50 


60 


65 


35 


35 


40 


70 


65 


70 


*u 


40 


50 


8C 


80 


80 


50 


45 


60 


80 


90 


80 


60 


50 


60 


80 


90 


85 


80 


55 


60 


80 


90 


85 


80 


60 


60 


80 


90 


80 


80 


65 


60 


80 


<V3 


60 


80 


65 


60 


80 


90 


80 


80 


65 


60 


80 


90 


80 


80 


65 


60 


80 


90 


80 


85 


65 


63 


80. 


90 


70 


85 


70 


70 


80 


90 


63 


90 


75 


75 


80 


90 


65 


90 


80 


80 


80 


90 


60 


90 


85 


85 


80 


90 


60 


90 


90 


90 


80 


90 


50 


90 


74.4 


69.7 


51.4 


79.3 


74.7 


82.4 



- Represents zero. 

1 See source of table for explanation 

* Derived from the afe-speviflc percentages by weighting on the basts of the I960 census population 
DeceSi9^ S, ( aok^ , A * mnMntion > " Umted Stat " Projections for OASDHI Cost Estimates." by Francisco Bayo. Actuarial Study No 6* 



Table 24-4 -Projected Death Rates for the United States for the Year 2000 According to Low and 
High Mortality Assumptions, Compared With Rates for 1959-61, by Age and Sex 



A«e 

(yeifi) 



Under 1 

1 to 4 , 

5 to 9....,^ 

10 to 14 

15 to 19 

20 to 24 

23 to 29 

30 to 34 

35 to 39 

40 to 44*,, 

45 to 49 

50 to 54 

53 to 59 

60 to 64 

» to 69 

/0 to 74....... 

75 to 79 

80 to 84 

83 and over 

Total* till aft* 1 



Mile 



1959-61 



(1) 



30.40 
1.15 
0.56 
0.56 
1.28 
1.81 
1.71 
2.01 
2.85 
4.59 

7.48 
12.31 
18.58 
27.74 
40.88 
58.19 
84.9*8 
132.23 
228.41 

10.90 



Low 
Mortality . 
2000 



(2) 



16.56 
0.61 
0.31 
0.34 
0.93 
1.34 
1.32 
1.49 
2.00 
3.22 

5.18 
8.44 

12.79 
18.91 
29.33 
44.22 
68.07 
111.81 
202.42 

8.01 



Mortality, 

2000 



23.48 
0.88 
0.43 
0.45 
1.11 
1.57 
1.51 
1.75 
2.42 
3.91 

6.33 
10.38 
15.68 
23.33 
35.10 
51.21 
76.53 
122.02 
215.42 

9.45 



Protected ratca 
aa eerceet of 
current retca 



Low 

[<2)*<l)]i 
100- 

(4) 



54.5 
53.0 
55.4 
60.7 
72.7 
74.0 
77.2 
74.1 
70.2 
70.2 

69.3 
68.6 
68.8 
68.2 
71.7 
76.0 
80.1 
84.6 
88.6 

73.5 



K.fh 

[<j>+u)3« 

100" 



<5) 



77.2 
76.5 
76.fi 
80.4 
86.7 
86.7 
38.3 
87.1 
84.9 
85.2 

84.6 
84.3 
84.4 
84.1 
85.9 
88.0 
90.1 
92.3 
94.3 

86.7 



(6) 



Low 
Mortality, 

2000 



23.19 
0.96 
0.41 
0.32 
0.54 
0.70 
0.88 
1.23 
1.79 
2.76 

4.20 
6.39 
9.31 
14.58 
22.44 
36.26 
60.08 
104.23 
201.07 

8.01 



12.67 
0.49 
0,23 
0.19 
0.35 
0.46 
0.60 
0.85 
1.21 
1.81 

2.70 
4.01 
5.98 
9.58 
15.33 
25.89 
47.02 
86.41 
176.63 

5.84 



Mortaliry, 

2000 



<•) 



17.93 
0.73 
0.32 
0.26 
0.44 
0.58 
0.74 
1.04 
1.50 
2.28 

3.45 
5.20 
7.64 
12.06 
18.88 
31.07 
53.55 
95.3? 
188.85 

6.93 



Projected rates 
at percent of 
current rale* 



Low 

(<7>*<6)Ji 
100= 

(9) 



54.6 
51.0 
56.1 
59,4 
64.8 
65.7 
68.2 
69.1 
67.6 
65.6 

64.3 
62.8 
64.2 
65.7 
68.3 
71.4 
78.3 
82.9 
87.8 

72.9 



Hif> 

ua) i (6>Ji 

I00~ 

(10) 



77.3 
76,0 
78.0 
81.3 
81.5 
82.9 
84.1 
84.6 
83.8 
82.6 

82.1 
81.4 
82.1 
62.9 
64.1 
65.7 
69.1 
91.5 
93.9 

66.5 



• Derived from the age specific rates and percentages by 'veighung onthebasisofthc I960 population 

isS^lf^t^S?^ S#CUri?y Adminl,lr>l,on ' MUniltd State * ft*utation Protections for OASDHI Cost Estimates," by Francisco Bayo. Actuarial Study No 62. 
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of deriving b, involves first setting the level of m. independ- 
ency for each age. Then a value of b is determined for each 
observation (each country) from the equation, 



J> = — ^— 
fttt — tn » 



(5) 



which is derived from equation (4). The value m,' is the first 
derivative of m, and represents the average annual decline 
for any death rate (m,). The values of m, and ml correspond, 
respectively, to the "heights" and "stopes" described in the 
preceding section. The values of b determined for the various 
countries at a particular age were averaged in order to obtain 
a single value to represent the general trend of the height-slope 
relationship at that age. These values of b were further adjusted 
to remove certain irregularities in the resulting trends in age* 
specific death rates. 

The • hypothetical low death rates, m Xm% chosen do not 
greatly affect the projections of population for most age groups 
as long as the death rates assumed are below present levels 
and reasonable. Campbell derived the low death rates by (I) 
compiling a set of lowest observed age-specific death rates, 
(2) smoothing the observed lows graphically, (3) calculating 
maximum possible percentage reductions below the smoothed 
observed lows (ranging up to 50 percent for ages 20-24 years), 
and (4) reducing the smoothed observed lows by these per- 
centages to obtain a set of hypothetical lows. Such mortality 
rates are intended only for use in making population projec- 
tions. They are not intended to yield independently valid pro- 
jections of future mortality rates. 

The formulas are of doubtful utility in extrapolating death 
rates in countries whose postwar mortality experience has 
diverged widely from the average international trend. Similarly, 
they arc not applicable to countries having mortality rates much 
higher than any of those used to estimate the constants of the 
projection formulas. The formulas may become obsolete as 
medical progress leads to improved mortality beyond the 
limits of the minimum mortality rates used in the projection 
formula. 

Projections of mortality could also be based on the research 
findings at France*! Institut national d'ltudcs d*mographiques 
regarding the separate trends of deaths from endogenous and 
exogenous causes anoj the biological "limit" of the death rate 
at each age." As noted in chapter 14, the biological "limit" 
of the death rate for a given country is arrived at by separating 
out the exogenous causes of death from the total death rate 
at each age and considering the possibilities for further reduc- 
tion in the endogenous death rates in the light of prospective 
medical developments in the particular country and of actual 
past developments in the most advanced countries. The 
"ultimate*; level is still a function of the state of present 
knowledge and would have to be reexamined from time to time. 

Without specifying either height-slope relationships or ulti- 
mate levels of mortality, the United Nations has developed a 
•et of model life tobies for projecting mortality. 33 They are 
based on analysis of 1 58 life tables representing the experience 
in the first half of the 20th century of 50 countries. The caJcula- 



***5 ^Graunwt of. dt., o. 37l; Jtait Boufftoit-Pichat. "Etsai iur la 
^^¥^1 , All*?"* (Eway !"« "Woloficii" mortality of man). 
A*«ANfe* <P*w>. t< J). 31 1 -394, July-Stpt. 1 *32. 

■J Unto* Natione. Age end Sex Petmrnx tfHortttfty: K4 ode I Life TMet for 
Underdeveloped Coumtriti. Strfet A, Population Studkt, No. 22. 1955. and 
• MrtMifor fopmktio* finite thru by Sex emdA t f, Strits A. Population . 
No. 25. MwwaJ III. Method* of Eatimattnf Population, 1956. 



tion of the model tables rests on the principles that the 
schedule of age-specific mortality rates is fairlywell defined if 
the expectation of life at birth is known, and fiat expectation 
of life tends to increase by a fairly uniform annual amount 
until a moderately high level of life expectancy is reached. 

The model tables were designed on the assumption that an 
annual gain of 0.5 year in expectation of life at birth will occur 
whenever the expectation is less than 55 years. At older ages, 
the gain increases, then declines. Twenty-four model tables 
(males and females for each model) are presented, reflecting 
differences of 2.5 years in expectation of life at birth (up to 
55 years) over each 5-year time period and covering a time 
span of 1 15 years. The expectation of life for both sexes com- 
bined ranges from 20 to 73.9 years. Once a particular model 
table is selected to represent the current level of mortality or 
once the current level is established, the tables to be used for 
future mortality allowances aVe selected in rank order from the 
set of model tables. (See illustration below for Costa Rica in 
table 24-7.) To use the system of model life tables, the assump- 
tions with respect to mortality have to be expressed in terms of 
K for both sexes combined. This * # identifies a particular model 
life table which describes a whole age-pattern of mortality 
conditions. 

Another system of model life tables, the Coale-Demeny 
model life tables, distinguishes regional variations in mortality 
patterns; four sets of life tables are given, with expectation 
values of 20.0 to 77.5 years, at intervals of 2.5 years. 34 The 
selection of tables was not designed to provide a progression 
of values directly applicable to projections, as were the U.N. 
tables. Once some assumptions regarding the improvement 
in mortality in a country have been developed, however, the 
Coalc-Demeny model tables can effeciively be employed to 
implement the assumptions. The tables are described more 
fully in chapter 25. 

These systems of model tables may be used to project the 
mortality of countries for which only limited data on mortality 
are available. They may also be used to project mortality in 
developed countries under a unifjeji system of projections. 
The use of a common system of molality projections should 
add to the international coirparabilitV of the projections even 
though the procedure may be less refined than is possible for 
some countries. 

Projections of Fertility. -We may distinguish three types of 
methods of projecting fertility as part of a cohort-component 
method of projecting population, namely, !he period-fertility 
method, the cohort-fertjtjty <nethod, and the marriage-parity- 
interval progression method. Other methods of projecting 
fertility may be viewed as elaborations or combinations of 
these basic methods. In brief, the pcrkxkfertility method ex- 
amines the trend of age-specific birth rates (or thfe Correspond- 
ing age-actjusted summary measures of fertility) over past 
years for the same age groups. The cohort-fertility method 
examines the trend of fertility for separate birth cohorts, or 
marriage cohorts. of women, usually in terms of age-specific 
or duration-specific birth rates and cumulative and completed 
fertility rates for these cohorts. In the marriage-parity-interval 
progression method, probabilities of marriage and of birth by 
parity of women are employed to determine sequentially the 
number of births of various orders and the number of women 
who are at risk of giving birth to a child of a given order. Let 
us consider each of these in some detail. 



» Andey J Coale and Paul Demeny. fictional Model Lift Tahiti and Stable 
Populations. Princeton. NJ, Princeton University Pr« , J 966 
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Period-fertihiy method.- In the period-fertility method, 
or the age-speciik birth rate method, assumptions concerning 
future fertility are stated in terms of calendar- year or period 
age-specific birth rates, period sex-age adjusted birth rates, 
period total fertility rates, or period gross reproduction rates. 
The prototype procedure consists essentially of ( I ) calculating 
and analyzing a time series of birth rates for each (5-year) age 
group of woman; (2) holding the most recent rates constant 
over the projection period or projecting the rates on the basis 
of various assumptions and techniques to some future year; 
and then (3> applying the projected schedule of rates to the 
projected female population by 5-year age groups for a given 
future year to de:erminc the corresponding number of births. 
The characteristic feature of the method is that the trend 
analysis is in terms of rates for a given age group. If the 
calculations are done manually, it is most convenient (I) to 
obtain the projected rates for the end o* each quinquennium, 
(2) mUiply the rates cumulatively by the number of women 
by age previously calculated to have survived to the end of 
the quinquennium, (3) average the births for the first and last 
years of each quinquennium, and (4) multiply by five (to secure 
births for a 5-year period). 

This procedure may be abbreviated, with little change in 
the results, by projecting the period total fertility rate or the 
period gross reproduction rate instead of the schedule of age- 
specific birth rates. Applying any single reasonable set of age- 
specific rates (e.g., the rates for the current year) to the future 
numbers of women of childbearing age, with an adjustment to 
the projected total fertility rate (or gross reproduction rate), 
produces very nearly the same number of births as applying a 
projected schedule of age-specific birth rates. Variations in 
the pattern of age-specific birth rates tend' to have little effect 
On the corresponding numbers of births, given the overall 
reproduction rate, so that the total fertility rate (or the gross 
reproduction rate) is a useful substitute for making projections 
of births by the age-specific birth rate method. This variation 
permits the application of the period-fertility method to areas 
where age-specific birth rates are lacking and where only 
the total number of births is known. The initial age-specific 
birth rates and total fertility rate can be estimated by the 
indirect method from (I) the total number of births, (2) the 
female population of childbearing age, and (3) an available set 
of age-specific birth rates for a similar area (ch. 1 6). 

Among the several variations we have mentioned so far, we 
will illustrate first the use of the total fertility rate to project 
births, given current age-specific birth rates. Let us consider 
an example using the total fertility rate to project births for 
Costa Rica from 1965 to 1985 (table 24-5, Method B). We 
employ for this purpose the basic data and some of the assum- 
tions of an official Costa Rican study, including the estimates 
of the population by age and sex and the recorded age-specific 
btrtlv rates for I965. M First, the total fertility rate is projected 
on some basis. In the present case, following the procedure 
of the official study, we. made three assumptions regarding the 
future course cf fertility, representing high, medium, and low 
alternatives. The high series assumes a continuation of the 
total fertility rate of 1965, the medium series a decline in the 
rate of 5 percent each 5 years, and the low series a decline in 
the rate of 10 percent each 5 years (table 24-6). 



"Coiti Rica. Direccwn general de eitadhttca y cecum. Proyeccirtn de la 
probtacttn de Co*ia Rica por texo y grope* de edad, 1965-90" (Projections of 
the popvlaiion of Costa Rica by sex and age. 1965-90), by Ricardo Jimenez J 
N*| oJtobifTSiT^ N ° 5 * * rW,/fl * <"*4 i0 * y rstadisticas, San Jot*, 



First, the current schedule of age-specific birth rates is 
assumed initially for all future dates and series. Next, these 
assumed rates are applied to the projected female population 
of childbearing age in each year (sec below for method of 
derivation) to obtain the "expected" number of total births 
for that year (for all series). For example, under all assumptions 
the expected number of births in 1970 is derived by taking the 
cumulative product of the age-specific birth rates of 1965 and 
the protected female population of childbearing age in 1970 
(table 24-3). This product is 75,344. Next, this number is 
multiplied by the ratio of the projected total fertility rate (TFR) 
in 1970 for a particular series to the total fertility rate for 1965, 
corresponding to the percent change in the rate for that series 
for 1965-70. For the medium series, for example, this ratio 
is .95 and the projected number of births in 1 970 is 75,344* .95, 
or 71,577. The projected number of births for 1965-70 is 
obtained by inflating by 5 (for S years) the average number of 
births for the period [K62,82 1 +71,577)* 335,995|. The 
projected number of female births is then derived by applying 
as assumed proportion female among births; e.g., 

335,995 x. 49= 164,638 

Similarly, to derive the projected number of births in 1975, 
under the medium series the expected number of births in 
1975 is adjusted by the ratio of the projected TFR in 1975 
under the medium series to the current TFR (this is, .9025). 
Note that, after 1 5 years of projecting births, it is necessary 
to begin carrying forward to older ages the female births which 
were projected in the first future 5-year period, so as to derive 
the female population of reproductive age; for example, the 
births of 1965-70 will become 15 to 19 years of age in 1985. 

The calculations for the high and low series of births are 
presented in table 24-6. Since the high series assumes no 
change in the TtR % it corresponds to the expected numbers of 
births computed in table 24-5, the adjustment 'actors being 
1. 00 in each case. The low series of births in 1970 (67,810) 
was derived by adjusting the expected number of births in 
1970 (75,344) b> the ratio of the low series TFR for J970 
(5,886.5) to the TFR for 1965 (6,540.5) -.90; the low series 
of births in 1975 (75,088) was derived by adjusting the ex- 
pected number of births in 1 975 (92,70 1 ) by the ratio of the low 
series TFR for 1975 (5,297.9) to the TFR for 1965 (6,540.5)- 
.81; etc. 

Use of the toUd fertility rate in this way is equivalent pre- 
cisely to assuming that the age-specific birth rates change uni- 
formly by age by the same percentage as the total fertility rate 
(table 24-5, Method A). Even if a different pattern of change in 
fertility by age is expected, the summary procedure is accepta- 
ble because of the negligible effect of variations in the age pat- 
tern of fertility on the number of births, once the total fertility 
rate is fixed. It may be recognized that the procedure of using 
the total fertility rate to project the number of births, just de- 
scribed, involves the same logic as the calculation of this rate 
by the indirect method, albeit the order of calculation is dif- 
ferent. In the former case, we are given the population by sex 
and age, a standard set of assumed age-specific birth rates, and 
the total fertility rate, and we are asked • calculate the corre- 
sponuiiig number of births. In the lattei ise, we are given the 
population by sty and age, a standard set of assumed age- 
specific birth rates, and the total number of births, and we are 
asked to calculate the corresponding total fertility rate. The 
procedure and logic with gross reproduction rates arc essen- 
tially the same; there is no advantage in the use of this rate and 
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Tabic 24-5 . ~ Calculation of the Projected Medium Number of Female Births in Costa Rica by the 

Period-Fertility Method, for 1965 to 1985 

[Methods A, B, and C represent three variations in the application of the period-fertility method] 



Age of Mother 
(years) 

— — 

15 to 19 

20 to a* 

25 to 29 

30 to 34 

35 to 39 

40 to 44 

45 to 49 , 

Total fart ill ty rat* . 5 £ f 



Afe-sprctfic birth rates (f ) 





J970 

* — 1 


1975 


1980 


1985 


ne. 3 


103.4 


100.1 


95.1 


90.4 


301.9 


286.9 


272.5 


256.9 


245.9 


319. A 


- 303.6 


288.4 


27*. 0 


260.3 


253.1 


245.2 


232.9 


221.3 


210.2 


"12.4 


201.8 


191.7 


182.1 


173.0 


89.3 


84.8 


80.6 


76.5 


72.7 


15.^ 


15.1 


14.3 


13.6 


12.9 


6,5*0.5 


6,213.5 


5,902.8 


5,607.7 


5,327.3 



Method A: 

1. Expected olrtha, year y . t f fc y p^ y 

2. Expected female blithe, 5 ?ear period 3 . [(b 7 ♦ B** 5 ) + 2] x 5 z .49 
Method B: 

3. Expected birtha, year y * Z F^* 5 p^ y 

4. Projected medium birtha • (3 > x JfSn 

5. , Projected medium femle birtha, 5 year period 3 . [(b* + B y+J ) + 2]x 5 x .49 
Method C: " 

6 Weighted population - t V a p a y 

7. Sex-age adjusted birth rate, yettr y * a.a.a.b.r.*" 5 x .95 

8. Projected nediun birtha ■ weighted pop. x a.a.a.b.r. - (6) x (7) 

9. projected medium fe male birtha, 5 year period 3 • [(b* + 6^ 5 ) + 2] x 5 x .49 
- Represents ztrp 



PopvUnofi (p^) a 


Popula- 
tion 












wei|hta 


1965 


1970 


1975 


1980 


1985 


<v 


72,385 
58,115 
48,275 
42,325 
36,875 
29,815 
25,20H 


92,466 
71,914 
57,650 
47,8" 
41,872 
36,381 
29,260 


116,381 
92>0t2 
71;483 
57,241 
47,f20 
41,^95 
35,781 


142,217 
116,472 
91,617 
71,090 
56,835 
46,960 
40,186 


157,262 
141,847 
116.076 
91,214 
70,671 
56,352 
46,340 


1 

7 

* 7 
6 
4 
1 


3inbe (B) 






1965 


1970 


1975 


1980 


1985 




62,821 


71,579 


8 J, 661 


99,011 


115,405 





164,640 190,169 223,773 262,660 



62,821 
62,821 



75,344 
71,577 



92,701 
83, €63 



115,478 
99,009 



141,684 
115,403 



164,638 190,169 223,773 262,655 
1,248,380 1.490.299 1,835,937 



.5032 
62,818 



1,490,299 

.4780 
71,236 



.4541 
83,370 



2,299,680 

.4314 
99,208 



2,849,043 

.4098 
116,754 



164,216 189,392 223,658 264,553 



' Source: Costa Rica, Direccid.i general de estadfsttca y censes. "Proyecci6n de la pobtacidn de Costa Rica por sexo y grupos de edad 1965-90" (Protections 
A^W^h!^ " ** ^ l%5 " 90> - by Jim4neZ **** °w~»*fi« N ° "Iwi/a £ eXi , ^sTas^i^tTn. 



oft 

October ! 

'» See table 24-7. 

" These births rekie to the 3-year period from July I of initial year to June 30 of lei minal year 



cither measure allows for a change in the sex ratio of births with 
equal convenience. 

The medium scries of births, derived 'as described above, was 
employed in completing a set of projections of the female popu- 
lation of Costa Rica by 5-year age groups at 5-year time inter- 
vals to 1985 (table 24-7). For this purpose, we have adopted 
the current population estimates given in the Costa Rican re- 
port cited above." The base population in 1965 (derived from 
the census of 1963) was adjusted for underenumeration of chil- 
dren under 10 years old ami for age heaping in the range 10 
years old and over. As in :hM report, we have assumed that 
there would be no immigration and that mortality would show a 
moderate gradual improvement after 1 965. The projected survi- 
val rates were based on the observed death rates for 1963; . 
they followed the assumption that expectation of life at birth 
would increase from 1.5 to 2.5 years over each 5-year time 
period, corresponding to the model life tables in U.N. Manual 



*lb« f p.M. 



III.* The observed rates in 1963 corresponded most closely, 
on the average, to the rates in U.N. model life table 90 (or 
eS « 65.8). Therefore, for projection periods 1 965-70, 1 970-75, 
1975-80, and 1980-85, we used model tables 95, 100, 105,and 
1 10, corresponding to life expectation values of 68.2, 70.2, 
71.7, and 73.0 years, respectively. 

Five-year survival rates for each 5-year time period corre- 
sponding to each required mortality level were selected from 
the model tables and applied to the female population. The 
1965-70 factors were applied to the 1965 population, by sex, 
to derive the projected population 5 years old and over in 1 970, 
then the 1970-75 factors were applied to this population to 
derive the projected population 10 and over in 1975, etc. The 
projected births were developed on the basis of the projections 
of female population of childbearing age. as described earlier 
(Method B, medium series, in table 24-5). The births in 1965- 
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Table 24-6. -Calculation of Alternative Projections of Female Births in Costa Rica bv the 

Period-Fertility Method, for 1965 to 1985 



Series 



HIOH SERIES 

1. Total fertility r»U, yetr y - 1.00 TFR^ 5 

2. Expected birth* - t 

3. Projected feaale birth* , 5-year period 1 

MSDIIW SEKTc-S 

4. Total fertility rrnte, year y • .95 TFR?~* 
3. Projected tirthe - (2) x [£j 

6. Projected feaale Mrthe, 5-year period 1 

LCW SERIES 

?. Total fertility rate, year y - .SOTFR*" 5 

#. Projected birth* . (2) x |yj 

9. Projacted feaale birthe, 5-year period 1 .... 



1965 



1970 



6,540.5 
62,821 
169,252 

6,540.5 
62,821 
164,638 

6,540.5 
62,821 
160,023 



1975 



6,540.5 
75,344 
205,855 

6,213.5 
71,577 
190,169 

5,886.5 
67,810 
175,050 



6,540.5 
92,701 
255,019 

5,902.8 
83,663 
223,773 

5,297.9 
75,088 
195,109 



1980 



1985 



6,540.5 
115,478 
315,023 

•5,607.7 
99,009 
262,655 

4,768.1 
84,185 
217 , 004 



6,5' 0.5 
141,684 



5,327.3 
115,403 



4, 2?1.3 
92, %1 



■|<*» + *'*'*^2| x5x49 These brita relate to the 5-ycar period from July I of initial year to June 30 of terminal year 



70 were then carried forward to ages 0-4 in 1970 by use of the 
appropriate survival rate, the survivors 0-4 in 1970 were 
• carried forward to ages 5-9 in I975 t etc. 

A still simpler procedure for projecting births which is ap- 
plicable when only total births and an age-sex distribution are 
available employs the U.N. sex-age adjusted birth rate (ch. 
16). In this procedure we do not have to assume any particular 
pattern of age-specific rates. We have applied the procedure 
in table 24-5 (Method C) to Costa Rica, using the same 
general assumptions as before but without making, use of the 
available age-specific birth rates. This procedure represents 
still another application of the logic of indirect standardization. 
Use of the sex-age adjusted birth rate was recommended by 
the United Nations as a simple means of preparing comparable 
projections for many countries.* It may be recalled that the 
U.N. sex-age adjusted birth rate is calculated by dividing the 
number of births by the cumulative product of the midperiod 
female population and a standard set of weights, and multi- 
plying by 1,000. The standard set of weights is roughly pro- 
portional to the typical relative fertility rates of the various 
age groups and was chosen so that the resulting adjusted rate 
would be of the same order of magnitude as the crude birth 
rate. The U.N. rate represents a simple device for eliminating 
the effects of changes in sex-age structure in the measurement 
of the fertility trend and the estimation of future births. 

For purposes of the population projections for Costa Rica, 
we begin by determining th* U.N, sex-age adjusted birth rate 
for a current year (50.32). We then project the rate on the same 
assumptions as we projected the total fertility rate. For 
example, the sex-age adjusted birth rate under the medium 
assumption in 1970 is .95 x 50.32, or 47.80. We next calculate 
the weighted aggregate of women of childbearing age in each 
projection year and multiply the projected rate by the weighted 
aggregate: 



B = sM.a.b.r.xW„pl (6) 
For the medium series in 1970, we have: 
tf = .0478 x 1,490,299 
0- 71,236 

It may be observed that in the present case the differences 
among the projections of births derived cn the basis of the 
total fertility rate and the U.N. sex-age adjusted birth rate are 
very small for all years (table 24-5). 

Some of the methods of extrapolating fertility rates parallel 
thc^ of extrapolating mortality rates. Straight lines or curves 
may be fitted to determine the trend of the rates in the past, 
a rate of change may be assumed for each future quinquen- 
nium, a target schedule of rates may be assumed for the end 
of the projection period (or beyond) and intermediate values 
calculated by interpolation, and so on. Knowledge from a wide 
variety of sources can be brought to bear in making these 
assumptions. These include the trends in other countries, 
fertility differentials (e.g., urban-rural, geographic, ethnic) 
within the country in question v current practices and attitudes 
about family limitation as obtained from sample surveys or 
clinic records, national programs and plans in the field of 
family limitation, and information or theory concerning, the 
relationship between fertility, on the one hand, and marriage 
patterns, family systems,* sexual practices, infant mortality, 
survival to childbearing age, desired and expected numbers 
of children, employment of women outside the home, and 
economic conditions, on the other hand. As in the case of 
mortality, studies at the Institut national deludes dSmograph- 
iques in Paris are helping to provide information about the 
biological limits 6n fertility.-" Henry has developed a mathe- 
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Table 24-7. -Calculation of Projections of the Female Population of Costa Rica, by Age, According 

to the Medium Fertility Assumption, for 1970 to 1985 

[Projections assume no net migration. Heavy lines identify a 5-year age cohort] 



Age 
" (years) 


Estimated 
population, 

Julv 1, 196V 

(1) 


Survival 
rate, 

196V70* 

(2) . 


Projected 
population, 
July 1, 1970 

(1)K2)« 
{}) 


Survival 
rate, 

1970-75* 

(4) 


Projected 
population, 
July 1, 197) 

f3> i (4>« 
(5) 


Survival 

rate, 
1975-80* 

(6) 


Prelected 
population, 
July 1, 1980 

(5) s (6)= 
(7) 


Survival 

rate, 
1980*5* 

(8) 


Projected 
population* 
July 1, 1985 

(7) a (8>- 
(9) 




742,080 


(X) 


884,782 


- (X) 


1,053,262 


(X) 


1,254,427 


(X) 


1,492,527 




164,638 
144.520 


.9660 
.9892 


190,169 
159,0*0 
142.939 


.9744 
.9925 


223,773 
185,301 
157,847 

MM 


.9801 
.9948 
.9981 


762,655 
219,320 
184,337 
157,547 


.9838 
.9963 
.9986 
.9982 


(X) 
'58,400 
218,509 
184,079 
157,263 
141.847 




117.715 


.9962 




92,875 
. 72,385 
58,115 
48,275 
42,325 
36,875 
29,815 

25,200 
21,275 
16,065 
12,520 
9,205 
6,190 
4,085 
4,640 


.9956 
.9935 
.9920 
.9909 
.9893 
.9866 
.9814 

.9731 
.9609 
.9402 
.9036 
.8429 
.7525 
.6323 
.3781 


■92|Z6T 


» 


20 to 24 


71,914 
57,650 
47,836 
41,872 
36,381 

29,260 
24,522 
20,443 
15, 10t 
11,313 
7,759 
4,.58 
'4,337 


.9940 
.9929 
.9913 
.9886 
.9835 

.9754 
.9637 
.943? 
.9083 
.tf490 
.7602 
.6410 
.3828 


71,483 
57,^41 
47,420 
41,395 

35,781 
28,540 
23,632 
19,292 
13,719 
9,605 
5,898 
5 4,646 


.9956 
.9945 
.9929 
.9903 
.9853 

.9775 
.9661 
.9466 
.9122 
.8549 
.7677 
.6493 
.3869 


- 142.217.. 
_ U6.*72 


.997*. 

• WPP 


21 to 29 


91,617 
71,090 
56,835 
46,960 

40,786 
34,976 
27,572 
22,370 
17,598 
11,728 
7,374 
'5,628 


.9956 
.9941 
.9915 
.9868 

.9792 
.9680 
.9491 
.9161 
.8609 
.7764 
.6592 
.3913 


U6.076 


55 to 39 

60 to 64 

70 to 74 


70,671 
56,352 

46,340 
39,938 
33,837 
26,169 
20,493 
15,150 
9,106 
'7,063 



y Not applicable 

* J Sourc * Co ^ li * 5 IM - Direccion general de estadfstica y censos. "Proyeccidn de la poblacion de Costa Rica por texo v erupos de edad 1965-1990" (Proieciiont 
VVStSTmi ££?r " y "* ,9M " ,,W »- b » J.m*ncz J. n JTserk Dcmogrifica No sZlSffiZSZ y„ l a^cJ^££5. 

expiation** fTOm ***** V ^ Un,tCd NatK>n *' Mtlhod * f° r M<"wfl Projections by Sex and Ant, Series A Population Studies. No. 25. 1956. See text for 

• Total excludes births. 

4 See table 24-6. medium series 

* Derived from populations and survival *ates on same and previous lines [(/>fc_* It tx j n -»> + <P*. * )]. * 



jnatical model for the legitimate fertility of couples not practic- 
ing any form of birth control, which takes account of a number 
of biological factors as well as of the duration of their 
marriages. 

The method of projection of age-specific fertility rates 
developed by Coale and his colleagues at Princeton University 
for the League of Nations was similar to their method of pro* 
Jecting mortality rates in that the trend was determined by the 
height of the rate in the base period. "The fertility rate of each 
age group was projected on rectangular hyperbolas whose 
heights were determined by rates of the base periods, in general 
taken subsequent to 1935, and whose initial slopes, taken as 
of 1930, came from height-slope relations characterizing 
European experience in the 'twenties* and 'thirties.' M *> 

In its use of the sex-age adjusted birth rate {s.a.a.b.r). the 
United Nations has usually formulated fairly simple arithmetic 
assumptions about future trends. Underlying the simple formu- 
lations, however, was usually a good deal of analysis and 
theory In the projections published in 1966, for example, a 
considerable theoretical analysis led to a general assumption 
ct a continuous but irregular decline of the s.a.a.h.r. for each 
region over a 30-year period to one-half of its initial feve!, 
for the high fertility countries. 41 Alternative dates of onset 
were set for each region; the high fertility assumption repre- 
sents a late date and the low fertility assumption, an early date. 
(See discussion of "United Nations Projections of r966" 
below.) 



• Notestfin et aL op *-it . p. m. t 
"Hfrittd Nations. W<Md fopJauvn Prospects as Assessed in 196.<, pp 
45-vh. 7 / 



Cohort-fertility method. -The period-fertility method is 
very simple to apply operationally, but it does not always 
yield, reasonable fevels of implied family size. Furthermore, 
there is no logical basis for projecting the trend of annual 
fertility and the levels assumed for various dates in the projec- 
tion period are extremely arbitrary. The cohort-fertility 
approach tries to overcome these weaknesses of the period- 
fertility approach. The variation of the cohort-fertility method 
described here employs data on the fert'Mty history of birth 
cohorts of women, as they progress through the childbearing 
ages. As may be recalled from chapter 16, cohort fertility data 
represent the cumulative fertility of specific birth cohorts of 
women to each successive age. It may be noted that this varia- 
tion of the method, like the period method, involves only the 
variable of age. 

In the cohort-fertility approach, the fertility assumptions are 
directly formulated in terms of the completed fertility of real 
cohorts of women, so that unreasonable or unlikely assump- 
tions concerning completed family size may be avoided. In 
fact, projections of births derived by other procedures should 
be evaluated, in part, in terms of the implied completed family 
size. The cohort-fertility approach makes possible the use of 
additional information and relationships, such as information 
on the expressed expectations of women regarding completed 
family size that have been obtained in national or local sample 
surveys, and historical evidence regarding the' relation of 
cumulative fertility or mean age of childbearing to completed 
fertility size, etc. 

The cohort-fertility method may be applied in different 
ways. We describe the variation employed by the U.S. Census 
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Bureau in its 1967 projections. The steps are: « 

1 . Selecting • terminal" levels of completed fertility for the 
annual birth cohorts of women which will reach childbearing 
age in the future (table 24-8). Four alternatives, corresponding 
to the four series of population projections planned, were 
selected. They are as follows: Series A f 3,350; Series B, 3,100; 
Series C, 2,775; Series D, 2,450. In arriving at these figures, 
account was taken of "expectations" data from various na- 
tional fertility surveys and of historical trends regarding the 
variations in completed family size. 

2. Assigning age patterns, representing the distribution 
of births by age of mother over the childbearing span, to the 
terminal levels of completed fertility in step'(l) (table 24-8). 
Four patterns corresponding to each of the four terminal levels 
of completed fertility were selected. They are based on the 
age patterns of fertility of various historical cohorts which 
had completed fertility rates similar to those set for the four 
series. 

3. Developing assumptions on the completed fertility 
of each annual birth cohort of women which had already 
reached childbearing age by the base year of the projections, 
consistent with cumulative fertility to date for each cohort 
and in line with the assumed distribution by age and the 
assumed completed fertility rates for the cohorts which will 
reach childbearing age in future years determined in steps (1) 
and (2) (table 24-9). The completed fertility rates for jfcse 
older cohorts would not agree with those for the yoi£er 
cohorts in step (I) because of the fertility cumulated to date. 

4. Calculating the cumulative fertility rates for each cohort 
to each age of childbearing, and the implied age-specific birth 
rates, in each future year (table 24-10). 

5. Applying the age-specific rates in step (4) to projec- 
tions of the female population of childbearing age to obtain 
the number of births for each year. 

The cohort-fertility rates are first extended to the most 
recent year for which the total number of births is known and 
then tied in with the overall level of fertility estimated for that 
year. This is accomplished by projecting the available age- 
specific birth rates according to various assumptions to the 
Airrent year, selecting that series which most closely yields 
the reported number, and then adjusting the rates to yield 
exactly the reported number of births (cf. indirect method of 
standardization, ch. 16). In the procedure followed by the U.S. 
Bureau of 4he Census, cumulative fertility data available from 
the National Center of Health Statistics to January I, 1965, 
were projected to January 1 , 1966, and were then forced to be 
in line with the estimated number of births for 1965. The cumu- 
lative rates for the various cohorts for January I, 1966, were 
then extended to the end of the childbearing period on the basis 
of previously established assumptions regarding their com- 
pleted fertility and the pattern of age-specific birth rates. 
Similar patterns were used to distribute the assumed com- 
pleted fertility of new coho.ts entering the childbearing ages 
after 1 965 over the childbearing period 

In preparing these projections limited account was taken of 
information on the expectations regarding completed family 
size reported by representative national samples of married 
couples included in the Growth of American Families (GAF) 
Studies of 1955 and 1960 and in the Universiiv of Michigan 



"US Bureau of the Census. Current Population Reports, Series : -25 
S°. 3 * J ' '.'SS^ 1101 * 8 01 the Popu^n of the United States, by Age. Sex and 
Color to 1990. with Extensions of Population by A|e and Sex to 201* " by 
Jacob S. Siegel. December 1967. pp 18-32 and appendix A 



Table 24-8. -Summary of Age-Specific Birth Rates Used in 
Distributing Terminal Completed Cohort Fertility Rates by 
Age, According to Four Projection Series, for the United 
States 

I Rates are based on the female population adjusted for net census undercounts 
These rales apply exactly to cohorts born after July I. 19*4 and reaching aue 
14 after July 1. 1968| 



Age of womtn 
(yetrs) 



BIRTH RATES 



15 to 19 1 

20 to 24 

25 to 29 

30 to 34 

35 to 39 

40 to U 

45 to 49 2 

Completed fertility rite 3 . 

Median age of mother 



PERCENT OF TOTAL 



15 to 19 

20 to 24 

25 to 29 

30 to 34 

35 to 39 

40 to 44 

45 to 49 

Completed fertility rate. 



Scries 


Scries 


Series. 


Series 


A 


g 


C 


D 


87.4 


77.0 


64.5 


51.8 


233.7 


203.6 


163.0 


131.' 8 


160.9 


167.9 


150.8 


133.6 


102.5 


103.1 


101,6 


100.4 


50,7 


5^.0 


54.3 


55.9 


14.0 


14.6 


15.0 


15.4 


0.8 


0.9 


0.9 


0.9 


3,350.0 


3,100.0 


2,775.0 


2,450.0 


25.3 


25.8 


26.4 


27.2 


13.0 


12.4 


11.6. 


10.6 


34.9 


32.8 


30.3 


26.9 


27.0 


27.1 


27.2 


27.3 


15.3 


lo.6 


18.3 


20.5 


7.6 


8.5 


9.6 


11.4 


2.1 


2.4 


2. 7 


3.1 


0.1 


0.1 


0.2 


0.2 


100.0 


100.0 


100.0 


100.0 



1 Includes births to women under 15 years of age. 
1 Includes births to women 50 years old and over 

Mft!.? 1 !!!!^ ^ia PeC ? C W tf rttM ?? cr * H chiWbeanng ages for cohorts born 
after July I. 1954 and reaching age 14 after July 1. 1968 

Source U.S. Bureau of Ihe Census. Current Population Reports. Series P-25, 
£°i . KiX^E! 1 ?!! of the p °P u,at,on of Ihe United States, by Age. Sex. and 
£. iq liS 0, W'th Extensions of Population by Age and Sex to 2015," Decem- 
ber IB. 1907. table S 

T^ble 24-9. -Estimated and Assumed Completed Fertility 
Rates, for 5-Year Birth Cohorts of Women, According to 
Four Projections Series, for the United States: Birth Years, 
1900-05 to 1960-65 

(Average number of children bom by end of childbearing period per 1.000 
women Rates below ihe heavy line are r rojections i ompleted fertility rates 
for birth periods 1950-55 and later correspond approximately (1950-55) 
or exactly ('955-60 and later) to the "termiml" rates) 



Birth period ot 
r 1 
women 



1900-1905 

1905-1910 

1910-1915 

1915-1920 

1920-1925 

1925-1930 

1930-193*- 

1935-1940 

1940-1945 .' 

1945-1950 \ 

1950-1955 

195f-1960 

1960-1965 

1965 and later.... 





Cumu- 










Age on 


lative 


Completed fertility rate 


July 1. 
1965 


fertility 
rate to 










Series 


Series 






<>earO 


Jan. 1. 


Series 


Series 


1966 


A 


B 


( 


D 


60 to 64 


2,421 


2,421 


2,421 


2,421 


2,421 


55 to 59 


2,273 


2,273 


2,273 


2,273 


2,273 


5D to 54 


2,310 


2,310 


2,310 


2,310 


2,310 


45 to 49 
40 to 44 


2,5^3 


2,553 


2,553 


2,553 


2,553 


2,844 


2, #65 


2)865 


2,863 


2,863 


35 to 39 


2,978 


3,133 


3,122 


3,117 


3,115 


30 to 34 


2,913 


3,383 


3,372 


3,366 


3,3^7 


25 to 29 


2,234 


3,368 


3,346 


3.322 


3,295 


20 tt 24 


1,084 


3,305 


3,111 


2/m 


2,883 


15 to 19 


157 


3,320 


3,087 


2,778 


V * 


10 to 14 


3 


3,347 


3,098 


2,775 


2,451 


5 to 9 




3,350 


3,100 


2,775 


2,450 


Under 5 
( 2 ) 




■ 3,350 


3,100 


2,7*75 


2,450 




3,350 


3,100 


2,775 


2,450 



- Represents zero 

I E en0d i xte . ndl from July 1 of ,n,t,al > ear to Jui * 30 of terminal year 

1 Bom after July I. 1965 ■ 

Sou rce US Bureau of the Census, Current Population Report* Series P-21. 
No 381. "Projections of the Population of the United States, by Age. Sex. and 
Color to 1990. With Extensions of Population by Age and Sex to 201 5." Decern 
ber 18. 1967. table R 
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the Population sector (bureau of the census) 



Table 24- 10. -Estimates and Projections of Cumulative and Completed Fertility Rates, by Birth 
Cohort of Women, According to All Series and Series C, for the United States: Birth Years, 
1900-01 to 1939-40 

[Rates represent cumulative live births per 1 ,000 women up to age indicated. Rates below heavy lines are based, in whole or part, on 

age-specific birth rates projected for years after 1 966J 



T 



Birth year of mother 



1900- 1901. 

1901- 1902. 

1902- 1903. 

1903- 1904. 

1904- 1905. 

1905- 1906. 

1906- 1907. 

1907- 1906. 

1908- 1909. 
1<,09-1910. 

1910- 1911. 

1911- 1912. 

1912- 1913. 

1913- 1914. 

1914- 1915. 

1915- 1916. 

1916- 1917. 

1917- 1918. 

1918- 1919: 

1919- 1920. 

1920- 1921. 

1921- 1922. , 

1922- 1923., 

1923- 1924., 

1924- 1925. 

1925- 1926.. 

1926- 1927.. 

1927- 1928.. 

1928- 1929.. 

1929- 19J0. . 

1930- 1931. . 

1931- 1932. . 

1932- 1933.. 

1933- 1934.. 

1934- 193?.. 
19 35-1936.. 
1936-1937.. 
197M93B.. 

1938- 19J9.. 

1939- 1940. . 



Up co 
•If 20 



Up to 
Me 25 



Up to 
»*e 30 



Up to 
•i« 35 



269 
273 
281 
289 
280 
266 
275 
320 
351 
377 

384 
407 
^26 
438 
448 
454 
464 
479 
4*1 
487 



Up to 
a** 4U 



Completed 
fertility 
rate 



fell series 



Series C 



1,016 
1,049 
1,087 
1,126 
1,166 
1,205 
1,253 
1,322 
1,376 
1,449 

1,480 
1,550 

,1,633 
1,675 

.1,704. 
1,729 
1,730 
1,735 
1,714 
1,691 



-v 



i,84r 

1,88b 
1,924 
1,980 
2,048 
2,105 
- .i,162 
2,256 
2,315 
2,<J5 

2,445 
2,526 
2,619 
2,649 
2,658 
2,655 
2,615 
2,576 
2,516 
2,462 



2,406 
2,457 
2,500 
2,558 
2,622 
2,676 
2,724 
2,817 
3,867 
2,966 

2,974 
3; 534 
3,112 
% 126 
3,120 
3,110 
3,069 
3,032 
2,973 
2,920 



2,701 
2,747 
2,782 
2,834 
2,893 
2,937 
27571 
3,058 
3,100 
3, 191 

3,197 
3,257 
3, 337 
3,352 
3,348 
3,339 
3,300 
3,264 
3,207 
3,155 



2,778 

2, ti22 
2,854 
2,903 
2., 959 
3,002 
3,036 
3, 124 
3,166 
\258 

3,264 

3, 324, 
3,404 
3,420 
3,416 
3,408 
3,369 
3,333 
3,276 
3,225 



Median 
age of 

mother 



287 


1,112 


1,780 


2,195 


2,430 


2,511 


25.9 


310 


1,U5 


1,750 


2,135 


2,355 


2,435 


25.7 


314 


1,113 


1,737 


2,121 


r 2,344 


- 2,426 , 


25.7 


315 


1,091 


1,697 


2,083 


2, 310 


2,392 


25.8 




1,053 


1,646 


2,026 


2,261 


2,343 


25.9 




1,028 


1,602 


1,^81 


2,226 


2,306 


25.9 


3C7 r 


1,004 


1,564 


1,946 


2,202 


2,282 


26.1 


303 


982 


1,539 


1,934 


2,?01 


2,279 


26.3 


290 


933 


1,478 


1,888 


2, 154 


2,230 


26.5 


281 


916 


1,476 


1,910 


2,188 


2,268 


26.8 


279 


897 


1,^67 


1,926 


2,205 


2,285 


27.1 


274 


888 


1,472 


1,951 


2,222 


2,303 


27.2 


264 


879 


1,487 


1,979 


2,246 


2,328 


27.3 


248 


ft 868 


1,499 


1,988 


2,253 


2, 33^ 


27.4 


240 


\ 856 


1,498 


1,986 


2,252 


2,331 


27.4 


243 


* 871 


1,538 


2,035 


2,307 


2,387 


27.3 


24% 


891 


1,590 


2,OS8 


2,362 


2,442 


27. «: 


248 


930 


1,649 


2,155 


2,442 


2,522 


27.3 


263 


1,003 


1,7 2 


2,269 


2,560 


2,640 


27.2 


273 


1,034 


1,827 


2,391 1 
I 


2,695 


2,777 


27.2 



Source U S Bureau of the Census, Current Population Reports, Series P-2V No , "Project 
Color to 1990, With Extension* of Population by Age and Sex to 201V Dec 18, 1967, table A- 1 



ions of the Population of the United States, by Age. Sex. and 



national sample surveys of 1962, 1963, and 1964." (See the 
section on "Expected and Ideal Size of Family" in ch. 1 7.) The 
methods and results of these studies were rather similar. The 
terminal levels of completed fertility assumed for the B and 
C Series of fertility projections "straddled" the mean ndmbcr 
of children expected by women in these surveys. 

The cohort method of projecting fertility may be extended to 
take into account other variables in addition to age, particu- 



w The former studies were carried out by the Scnpps Foundation for Research 
in Population Problems. Miami University, and the Survey Research Center. 
University of Michigan, and the latter studies were earned out by the Popula- 
tion Studies Center and the Survey Research Center. University of Michigan . 
The methods and results of the 1955 and I960 surveys are described in Ronald 
Freedman. Pascal ;; Whclpton. and Arthur A Campbell, Famih P tan n inn. 
Sterility, and Population Growth, New York, McGraw Hill. 1959, and Pascal 
K Whelpton. Arthur A. Campbell, and John E Patterson, Frrtitttv and Family 
Planning in the United States. Princeton. NJ., Princeton University Press. 
1966. The design and results of the 1962-64 studies are described in Ronald 
Freedman and Larry Bumpass. "Fertility Expectations in the United States 
1962-64," Population Index, 32(2) 181*197. April 1966 



larly marital status. Like the general cohort method, this 
method employs cumulative fertility rates for birth cohorts of 
women and assumed levels of completed fertility. In this more 
elaborate method, however, the rates relate only to married 
women, and hence assumptions must be made about the pro- 
portion of women in each birth cohort who will have married 
by various later ages and about the fertility rates for ever- 
married women cumulated to these ages. The cumulative fer- 
tility experience of each birth cohort to date for ever-married 
women is taken into account, of course. 

Applications of this method were made by Whelpton and his 
associates, who based their projections of completed fertility 
of ever-married women on the fertility expectations reported by 
married women in the 1955 and I960 GAF Studies. 44 In their 
second study, they developed three series of population pro- 



** Freedman. Whelpton, and C ampbell, op cit . chapter 1 1 . and Whelpton. 
C ampbell, and Patterson, op c»t , chapter 10 
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jections-high. medium, and low-based on different assump- 
tions regarding the percent of women who will ever marry, the 
"average size of family" (i.e.. completed fertility rate for ever- 
. mamed women), and the distribution of birth rates by age of 
mother for ever-married women over the childbearing span. 
(The mortality assumptions were essentially the same as those 
used in the Census Bureau projections, except that the compu- 
tations were curried out for 5-year age groups by 5-year time 
periods. Net immigration was assumed to be 300.000 per year 
distributed by age and sex like the immigrant aliens in th^ 
period 1957 to 1962.) The specific steps followed m develop- 
ing the three series of projections of births are as follows. 

1. Projections were made of the proportion of women who 
will have married by specified ages in groups of birth cohorts 
(tables 24- 1 1 and 24- 12) The three series imply corresponding 
changes in median age at marriage. For example, the medium 
ser^s implies a small increase (less than I year) in the median 
age •* arriage. 

2. Next, projections were made of the cumulative fertility 
rates of ever-married women up to specified ages in groups of 
cohorts, including ihe 'final ages of fertility The cumulative 

. mantal fertility rates for each cohort group were projected to 
the end of the childbearing ages on the basis of the average 
expectations regarding the size of completed families reported 
in the GAF Studies. The cumulative figures up to specified 
ages also had to-be determined, bor example, for cohorts 
entering the marriageable ages about 1980-85. 74 0 percent of 
the cumulative births for ever-married women would have 
occurred by age 30 in the medium series, as compared with 
59.0 percent for the cohorts entering the marriageable ages in 
Uie early 1930s. 

3 The cumulative fertility rates for ever-married women 
in groups of birth cohorts were then converted into rates for 
all women by multiplying the cumulative fertility rate forever- 
married women in a given age group at a given date (item 2 
above) by the proportion of women who have married by that 
age (item I above). 



(7) 



The "medium" size of completed family indicated by the 
married women in the GAF Stud> of I960 was adjusted to 
represent all women and accepted as the medium assumption 
for completed family size in the Scripps Foundation proba- 
tions (2.820) The high (3.395) and low (2.275) assumptions 
correspond to the highest and lowest completed fertility rates 
that have been reached or seem likely to br reached by cohorts 
born so far in this century (1930-35 and 1905- 1 5, respectively). 

4, The rise from one age group to another in the cumula- 
tive fertility rate of all women, for a given group of birth 
cohorts (item 3). was used to derive the number of births added 
per 1.000 women in a given initial age group during each 5-year 
interval. 

5. The projections of births per 1 .000 women in a given 
initial age group in a 5-year penod (item 4) were then applied 
cumulatively to the female population by age at the beginning 
of the interval to obtain the number of births occurring to the 
women during the period. 

Another demographic variable which may be taken into 
account in the application of the cohort-fertility method is the 
order of birth of the child. Completed fertility rate^ for a given 
birth cohort and birth order would represent the number of 
births of a given order per 1.000 women or ever-marricl 



Table 24-1 1 . —Estimated and Projected (Medium Series) 
Cumulative Marriage and Fertility Rates for Cohorts of 
Women Born In 1930 to 1935, by Successive Ages, for the 
United States 

[These cohorts reach |< to 19 years „| a ge in |9<o tin d 4< u, 4^ ><Mrs of auc in 
1980 Percent s and rales bekm (he horizontal line .11c projections! 





(\rars) 


percent ever 
man led 

1 1 • 


Number ot 
Sxths per 
1,000 %omrn 
t\et married 

' 2 I 


Number of 
birth% per 
1,000 total 
women 

id ■ 12) 
Mi 


15-19, 


17.3 
6^.8 
89.3 




126 
2,134 


20-24 


729 




1,397 

2,iXj 


30-34 


92.5 
X,J 
'>*.,0 
/^.5 


3>5 


z,m 

3,140 
3,26? 
3,2)5 


40-44 


3,3^0 




3,440 
3,450 



Source U S Bureau of Ihe ( ensus. C urrent Population Reports Senes P-M 
.al/ , " l f; o,cc,lons of the Population of the United States, hv Aue and Sex 
1964 to 198V With Fxiensions to 2010." July 1964. table H-2 ' 



Table 24- 1 2. -Estimated and Projected (Medium Series) 
Cumulative Marriage and Fertility Rates Up to Ages 45 to 49, 
for 5 year Birth Cohorts of Women, for the United States: 
Birth Years, 1900-05 to 1950-55 

{Percent* and rates below Ihe horizontal line are projections] 



Year in which 
cohorts reach— 



Birth period of 
woman 



A|cs n 



1900-1905. ... 
1905-1910.... 
1910-1915.... 
1915-1920.. . . 
1020-1925... . 
1925-1930 ... 
1930-1935.... 
1935-1940.... 
1940-1945.... 
1945-1950.... 
1950-1955... . 
1955 or later 



1920 
1^5 
1)30 
1935 
1940 
1945 
1950 
1955 
196' J 
1965 
1970 
1975 or 
later 



A*es 45 

to 49 



12) 



1950 
1955 
1960 
1965 
1970 
1975 
1980 
1935 
1990 
1995 
2000 
2CX,5 tr 
later 



Perce, 
ever 
married 



92.2 
^2.4 
93.3 

"~977o" 

90.5 
96.0 
95.5 
95.0 
94. ? 
94.5 
°4.0 



Births per 
1,000 women 
ever married 



(41 



2,625 
2,458 
2,481 

27m 

3,000 
3,300 
3,450 
3,300 
3,200 
3,100 
3,000 

3,000 



hirrhs per 
1,000 
total 
women 

l5) 



2,420 
2,271 
2,315 

2,895 
3,163 
3,295 
3,135 
3,024 
2,9J0 

2,«r. 

2,*20 



1 Penod extends from July I of initial year to June 10 of lermin.il year 

Source t;S Bureau of the C ensus C urre nt Population R< ports. Series P- 2< 
, ';r°J Cc,,on * of ^e Population of the United States, by Age and Sex' 
1964 to 198 V With K tension* to 2010." July 1964, ublc D- I 

women at the end of childbearing. The available cohort fertility 
tables for the United States include order of birth as a variable, 
but not mantal status." It would be possible, however, to 
extend the cohort-fertility method to include both order of 
birth and marital status. The expectations data from the 
fertility surveys provide a basis for making assumptions regard- 
ing the fertility rates for first births, second births, etc.. at the 
end of childbearing. This approach requires assumptions not 
only about the completed fertility of each cohort and the 
timing of their future births, but also about the future age at 
marriage, or percent* ever-married by age. and order-specific 



« See, for example. U S National Center for Health St.itist,cs. I'ttal Statist* s 
of the Vmted States. 1966 Vol I, Saiahn. 1968 
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marital fertility. These additional assumptions, like the basic 
ones required by the simpler variation, are subject to consider- 
able uncertainty and may contribute to an increase in the 
"error" of the projections. On the other hand, the explicit 
introduction of t> additional variables relating to marriage 
and order of birth assures reasonable implicit assumptions in 
these components of the overall fertility rates. 

In spite of the apparently superior logic of the cohort- 
fertility approach to projections of births as compared with the 
period-fertility method, it has a number of weaknesses. First, 
there are serious difficulties in determining the future level 
of completed fertility of each cohort; yet, the results depend 
heavily on these assumptions. Expressed birth expectations 
may be unreliable because of changing circumstances, 
particularly for young women who have recently married and 
who have not begun childbcaring. Making assumptions about 
the level of compLted fertility is particularly hazardous for 
cohorts which have not yet married or even entered the child- 
bearing ages, for whom expectations data are not available. 
(In only a few years women who are not currently married 
will ixscontributing a large share of births-about 50 percent 
in the fifth year of the projection period on the basis of U.S. 
data, for example.) 

There are problems also in developing realistic assumptions 
regarding the timing pattern of the various cohorts -the other 
important determinant of the annual number of future births. 
(Changes in timing affect period rates even when the size of 
the completed family does not change.) The past may not be 
a good guide because of prospective changes in the socioeco- 
nomic milieu, and the survey data on birth expectations now 
available can tell us little or nothing about future annual 
changes in fertility, particularly after a few years of the pro- 
jection period have passed. 44 Mathematical procedures for 
projecting the fertility of cohorts which have already started 
childbearing may be useful for these cohorts but cannot serve 
"as a satisfactory basis of projecting the total fertility and 
timing pattern of cohorts which have not yet entered child- 
bearing. 47 Accordingly, research has turned to an alternative 
method, the marriage-parity-interval progression met... , 
which involves a greater disaggregation of the data and a more 
realistic structuring of the components. 

Marriage -parity-interval progression method. - A number of 
sequential probability methods may be devised which take 
several fertility-related variables into account simultaneously. 
They employ fertility rates in the form of probabilities and es- 
sentially operate in attrition fashion, using as successive bases 
the progressively smallei numbers of women who have ex- 
perienced tfach successive type of event. The particular sequen- 
tial probaSility method described here, designated the marriage- 
parity-interval progression method, takes joint account of the 
variables of marriage, parity, and birth interval, as the name 
suggests. Single women a e reduced in numbers by marriage, 
childless married women may become l-parity women. I- 
panty women may become 2-parity women, etc. The specific 
procedure employed in developing "high" projections of births 
for the United Slates from I960 on by the marriage-parity- 



« 'For a general criticism of expectations dtta as a basis for projections of 
birth* see Norman B Ryder and Charles F Westoff. The Trend of Fxpected 
Parity in the United States 1955. 1 960. and [965." Population Index M?) 153- 
168. ApnI-June. 1907: ami Jacob S. Siegel and Donalds Akers. "Some Aspects 
of the Use of Birth Expectations Dal a from Sample Survey* for °onylation 
Projection*." Demography 6(2) 101-115, May 1969 
41 Donald S Akers. "Cohort Fertility vs Parity Project io;Tas Methods of 
( Projecting Births, Demogwphy. 2:414-423. 1965 y 
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interval progression method, as devised by Wilson H. Grabill 
of the U.S. Dureau of the Census, is as follows 4 * 

I First marriage rates (i.e , first marriages at a given age 
per 1 .000 women single at the next younger age) were com- 
puted by single y-ars of age, primarily on the basis of the I960 
census data on the percent single among women (table 24-13). 
As suggested in chapter 19, such rates may be computed on 
the basis of the age-to-age changes in th Percent single shown 
by the census, expressed as a percent oi ie figure at the earlier 
age. (Adjustments may then be made to obtain a smoother pat- 
tei i of marriage rates at some ages.) 



Table 14-13.- Assumed <i!<«h Series) First Marriage Rates 
for the White Population of the United States, by Age 

\ First marriage* at age x per 1.000 women single at age r- 1 1 



Aje ■( last birthday 
(years) 


First 
mvnagr 
raiea 


Aje at la*t birthday 
fytan) 


First 
marriage 
rate: 




11 

12 
35 
67 
U2 

212 
239 
255 
250 
235 

200 
170 
HO 
120 
100 
80 




60 

35 
29 
23 

18 
17 
16 
15 
13 

11 
16 
6 

7 
7 






16 








18 


34 














37 






25 






27 




28 













Source I J S Bureau of the ( ensus. C urrent Population Reports, Series P-2.V 
No 286. "Projections of the Population of the United States, by Age and Sex 
1964 to 1985. with Extensions to 2010." July 1964. table E-l 



2. These age- specific first marriage rates (item i above), in 
combination with an initial distribution of single women by age 
and age-specific survival rates, were used to derive annual 
projections of first marriages of women of childbearing age, and 
of women who were still single, by age The marriage rates and 
survival rates were first applied to the sin. population by age 
on the census date to obtain estimates of the number of women 
who married in the year after the census and the number still 
single at the end of the year. Tforprocess was repeated from 
year to year. (A single set or a variable set of first marriage 
rates could be used in future years.) 

3. Next, parity-inteival-specific birth rates were estimated 
As mav be recalled, a parity-interval-specific birth rate repre- 
sents the probability that a woman of parity n at a given date 
will have a birth of order n + I during the next year, specif: ' by 
the interval since marriage or previous birth. For this purpose, 
it was necessary, in effect, to develop estimates of women by 
parity and interval since the birth of the previous child (interval 
since marriage for childless or zero-parity women) and of births 
by order and mferval since the birih of the next lower cder. In 
the calculation of the parity-interval-specific rates, extensive 
use was made of annual birth registration data by age and order 



** U S Bureau of the Census, Current Population Reports, Senes P-2V No 
286. "Projections of the Population of the United States, by Age and Sex. 1964 to 
1985. with Fxtenstons to 2010." by Jacofc S Siegel. Meyer Zitter. and Donald S 
Akers. July 1964. pp. 15-37 and 84-86 
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of birth over a period of about 20 years compiled by the Na- 
tional Center for Health Statistics, and of sample survey data 
compiled by the Bureau of the Census that classified women 
by date of marriage and date of birth of each child and from 
which interval between births was inferred. 41 Intervals of 12 
months were used in the distribution of women in each parity 
group, and parity groups up to the sixth (the terminal group 
being seventh and over) were considered separately. Two sets 
of birth rates for the second to sixth order were computed - an 
"initial" set which was assunwJ to apply only to the year after 
April I, I960, and a "terminal" set which was assumed to 
apply to certain later years (table 24-14). 

4. The initial parity-interval-spccific birth rates (item 3) 
were then applied to the female population by parity and birth 
interval in I960 fo secure projections of births by order and 
birth interval in the year after the I960 census. The results 
were then used to obtain projections of the female population 
by parity and birth interval for the end of the first year, which 
became the bafis for the application of the interpolated panty- 
interval-speciftc birth rates for the second year after April I, 
i960, and so on sequentially. If allowance has to be made for 



illegitimate births, first births may be increased by an appro- 
priate percentage. Alternative series of birth projections could 
be based on higher or lower panty-interval-specitlc birth rates. 

In the application of the marriage-parity-interval progression 
method described, no direct account was taken of the distri- 
bution of the women by age or year of marriage in estimating 
the births (except in the projection of first marriages). How- 
ever, the concentration of births within a narrow spacing range 
provides some indirect control of age. In the absence of in- 
formation on age, it is very difficult to convert the fertility 
rites used in the marriage-parity-interval progression method 
into completed fertility rates for birth cohorts.* The method can 
be elaborated to incorporate the factor of age or duration of 
married life, but the necessary information is only infrequently 
available. 

The application of the marriage- parity-interval progression 
method requires a considerable volume of data relating to the 
marri and childspacing practices of women, based pref- 
erably on census or survey data on marriage histories and birth 
rosters for age cohorts of women. Even so, at best, only cur- 
rent rates can be directly derived from these data, and pro- 



TBb l%itl 14 -A ssumed ( Hi 8 h Series) Initial and Terminal Values for Parity-Specific Birtl* Rates 
State FlrSt t0 ° rder ' by BlrtH ,nterval * for the White Population of the United 

[Births of given order n during interval per 1.000 women of parity /i — 1 at start of intervalj 



late ml iukc firai Marriage 
of womc* of aincC birth dale 
of arevtova child 
(aoatha) 



0 to 11 

12 to 23..., 
24 to 33..., 
36 to 47.... 
48 to .39. . . . 
60 to 71..., 
72 to 83.... 
*4 to 95.... 
96 to 107... 
108 to 119.. 

120 to 131.. 
X32 to 143.. 
144 to 135.. 
136 to 167.. 
168 to 179.. 
180 to 191.. 
192 to 203.. 
204 to 215.. 
216 to 227.. 
228 to 239.. 

240 to 231.. 
232 to 263.. 
264 to 275.. 
276 to 287.. 
288 to 299. . 
300 and over, 



Jat binds 
per 1.000 
0-panty 



Initial values 



2nd birtha 
per 1,000 
1 'Parity 
woeien 



3rd births 
per 1,000 
2-panty 
women 



332 


39 


28 


409 


357 


221 


317 


351 


215 


234 


302 


184 


179 


262 


142 


153 


199 


108 


116 


159 


35 


65 


125 


68 


62 


108 


56 


43 


87 


46 


39 


63 


21 


30 


49 


18 


23 


43 


16 


17 


44 


16 


13 


42 


15 


13 


31 


11 


11 


20 


6 


8 


14 




7 


10 




5 


5 




6 


2 




4 


1 




3 






2 






1 













4th birtha 
per 1,000 
3-parity 
women 



Represents zero or rounds to zero 
IniiiaJ and terminal vajues are the same 

iat J, 55-.iJ J c S * Uf * M of Census - Current Population Reporh, Series P-2V No 286. 
>83. Wi^ Exiensions to 2010," July |96t. tables E-2 and h-\ 



5th births 
per 1,000 
4-panty 
wosu .. 



23 


20 


201 


180 


188 


170 


147 


133 


108 


99 


59 


55 


50 


48 


41 


41 


36 


36 


30 


31 


22 


22 


14 


U 


10 


10 


6 


8 


6 


5 


3 


3 







Terminal values 



2nd birtha 
per 1,000 
1-parity 



36 
335 
323 
261 
214 
150 
117 
92 
75 
61 

44 
38 
34 
27 
22 
18 
13 
8 
4 
3 

? 
1 



3rd birchs 
per 1,000 
2*panty 
women 



,25 
198 
191 
158 
119 
89 
69 
54 
44 
36 

13 
11 

i n 

10 
9 
7 
4 



4th births 
per 1,000 
3-parity 
women 

4h- 



21 
163 
166 
125 
68 
42 
35 
26 
24 
20 

10 
7 
5 
4 
3 
1 
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•U.S. Bureau of the Census, Current Population Renom. Sen* s P-20. No 
tOt. "Mamafe. Fertility, and Chlld»pactni: , August 1959. by Wilson H Gra- 
bill and Ruben Parke. Jr.. July 12. 1961 
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jcctton of the rates to allow for possible future changes is still 
necessary. There may be few, if any, guides for doing this, as in 
the case of cohort fertility rates. 

The marriage-parity-interval progression method may be 
most useful in making shori;term projections of births since 
changes in marriage and chifdspacing patterns would be ex- 
pected to hange less in the short term than in <he long term. 
In the long term it would seem useful to "control" the changes 
in fertility to some predetermined level of cohort-completed 
fertility, possibly by merging the two methods after several 
years and then shifting entirely over to the cohort method in 
the long term.* The refinement of the marriage-parity-interval 
progression method of projecting fertility may serve as the 
fertility component of a complex demographic model based on 
aggregated data using macrosimulation techniques (ch. 22, 
"Demographic Models"). 

Projections of Net Immigration. - For many countries inter- 
national migration has long been of negligible magnitude, and 
for others it has dwindled away to a trickle as compared to the 
heavy flows of the past. The passing of the frontiers of settle- 
ment and the enactment of very rigid national laws with respect 
to either immigration or emigration, or both, have contributed 
to this reduction of migration flows in relation to the corres- 
ponding national population totals, and there is little likelihood 
of a resumption of heavy flows. The volume of net immigration 
will often be too small, therefore, to justify separate treatment 
of this component in population projections. Frequently, also, 
the mere lack of adequate historical inftymation on the. volume 
of migration dictates an assumption^? no net migration. In 
making projections' of national population for many, and 
possibly most, countries of the world, therefore, it is satis- 
factory to ignore this component, i.e., to assume that the net 
balance will be nil. This was the assumption employed iiyhe set 
of country projections published by the United Nations in 
1958" 

As was notc^d in chapter 20, however* in a fair number of 
cases, net migration Constitutes at least 10 percent of net 
population change. In the case of Australia (net immigration) 
and Ireland (net emigration), it is a major factor in population 
change •over, even though the volume of net migration is 
small, population projections by age may be strongly affected 
because of the special sex-age composition of the migrants. 
It is desirable, therefore, to allow for net migration in some 
cases. 

The allowance for international migration may be an arbi- 
trary rounded amount, roughly in line with recent experience, 
which is assumed to remain constant for the duration cf the 
projection period. If the calculations are done by age and sex, 
a constant age-sex distribution may also be assumed. Al- 
ternatively, a constant rate of migration may be assumed o' 
the amount or rate of net migration may be projected on the 
basis of the recent trend. The age-sex distribution of migrants 
is unlikely to resemble the population of the sending or re- 
ceiving country, young adult males tending to be over- 
represented among migrants. Thcrefc**, the age-sex distribu- 
tion is best taken from^an available distribution for recent 
migrants. yrf 

To simplify the computations, the migrants may be added to 
or subtracted from the population at the end of the year of 
entry or departure or, less precisely, the quinquennium of 



" Akeri. op ctt.. p 427. Sieftel aftd Akers. op. cil.. p. 1 14 

11 United Nations. The Future Growth of World Population, p 40. 
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entry or departure. This simple assumption eliminates the 
need of allowing for deaths or births of the migrants during the 
period of entry or departure (the average period of exposure to 
the risk of birth and death, being one-half of each projection 
period). At the same time, the age distribution of the migrants 
should be adjusted to reflect the change in age between the 
date of migration and the end of the migration period. Follow- 
ing the period of arrival, the same birth rates and death rates 
may be applied to the immigrants as to the general population. 
Any difference in the leve! of fertility or mortality of the 
general population and the immigrant population would have 
very little effect on the future population. These simplifying 
assumptions eliminate the need ur special calculations of 
fertility rates and survival rates, and special adjustments of 
the data on migrants. 

The projections of the population of Great Britain made by 
the Royal Commission in 1947 employed two series of migra- 
tion projections, each of fixed absolute amounts.* 4 Net immi- 
gration was assumed for some population series and net emi- 
gration was assumed for others because of the great uncer- 
tainty regarding the prospects in the postwar recovery period. 
Population projections for Australia from I960 to 1975, made 
by Borrie and Rodgers, employed three different assumptions 
regarding immigration: u (a) None, (b) constant annual amount, 
and (c) declining annual amount. Allowance was also made in 
these projections for the indirect effects of immigration on 
fertility rates. Since most arriving women were either wives or 
fiancees and since the surplus of adult males among the immi- 
grants helped to increase the proportion of native Australian 
women (and of earlier immigrants) who were married, separate 
levels of age-specific fertility rates were used for the no- 
migration and with-migratton assumptions. 

The four principal series of projections published for the 
United States in 1967 each employed the same assumption of a 
constant annual net immigration of 400,000 from July I, 1966, 
to July 1 , 1 990." This number corresponds roughly to th^ vol- 
ume of net immigration in the middle sixties. For the age uid 
sex composition of net civilian immigration, the same allowance 
was used for each year in each series of population projections, 
corresponding to the distribution in 1961*64. The future addi- 
tions to the population resulting from an annual net immigra- 
tion of 400.000 persons between 1 966 and 1990 may be deter- 
mined by comparing projections assuming this amount of net 
immigration with projections assuming no migration, under 
the same fertility and mortality assumptions. Such a compari- 
son, indicating the cumulative additions or losses by compo- 
nents of change, is given in table 24-15 for the projections with 
B level fertility and slightly declining mortality. The projected 
contribution of net immigration to population growth between 
1966 and 1990 is 13.6 million; this is the total difference be- 
tween the two series of population projections. Four hundred 
thousand (net) imrgigrants per year wc^id cumulate to 9.6 mil* 
lion over 24 years, but over 4 million more would be added by 
the natural increase of the (net) immigrants in this period (4.6 
million births less 0.6 million deaths). 

The most recent national projections prepared at the United 
Nations illustrate the projection of a changing amount of 
migration. For a few countries (in Europe, the Americas, and 



"Great Britain. Royal C ommission on Population, op cit p 216 

"WD Borne and Ruth Rodgers. Australian Population Projections I960 to 

1975. Department of Demography. Australian National University. Canberra. 

August 1961. 

M U S. Bureau of the Census. Current Population Reports. Series P-25. No 
311. p. 42 
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Table 24-15. — Future Additions to the Population of the United States Resulting From an Annual Net 
Immigration of 400,000 Persons, By Components: 1966 to 1990 

(Numbers in thousandv Based on projections assuming an intermediate (B) level of fertility and slightly declining mortality, 
copulation series with immigration assumes that immigrants do not have births or die during the year of arrival. Base date is July I , 



Y«r<july t) 

* 


Cumuli 


true additiora or losses 


1 ^ 

Additions or losses during preceding period 


Nrt additions 


Births 


Deaths 


Ner 
tmmtgratton 


Net 
addirions 


Births 


Dearhs 


Ner 
iwaigrauoa 


NuMber 


Percent of 

coral 
pop ul an on 1 


1983 ^ 

1990 


1,697 
4,183 
7,026 
10,179 
13,626 


0.8 
1.9 
2.9 
3.8 
4.8 


107 
,652 
1,605 
2,929 
4,616 


10 
67 
l, r 
347 
588 


1,600 
3,600 
5,600 
7,600 
9,600 


1,697 
2,4e6 
2,843 
5,153 
3,447 


107 
543 
933 
1,324 
1,687 


10 
57 
110 
170 
241 


1,600 
2,000 
2,000 
2,000 
2,000 











1 date » population including allowance for net immigration on date indicated 

r>~i L?w U ? aU ° f the C ?» su \ ( urrf ? p ^ uUtU y n Brno"'. Sene« P-2V No 35 1 . 'Projections of the Population of the United Sutes. by'Aie. Sex and 

Cotor to \J90. With Extension* of Population by Age »nd 5ex to 201V Dct 18. 1967, (able DD. p 43 



Oceania)* assumed annual amounts of net immigration for the 
initial period (1960-80) were projected linearly to zero 
between 1980 and 2000." 

Because it is often impossible to arrive at a satisfactory 
measure of past trends in the volume and age-sex distribution 
of net migration and because it is extremely difficult in most 
cases to predict the future course of migration with any con- 
fidence, model allowances and model tables may be employed 
to allow for this component. These may eitiier be incorporated 
into the principal population projections, or they may be 
computed and displayed separately from those projections. 
The model can be used to measure the effect of any given an- 
nual amount of migration upon the population figures for the 
various sex-age groups. A model may be applicable to a" group 
of countries in a particular geographic region, although it may 
be based on the statistics of recent immigration and emigration 
for a single country. Other models, suited to different situations, 
can be developed by the" same methods. The U.N. projections 
for Latin America were accompanied by a model which could 
be used to estimate the effect of any given annual amount of 
immigration and emigration upon the sex-age distribution for 
various countries in Latin America. 4- The model is based on 
the statistics of postwar (1948-52) immigration and emigration 
for Argentina; it presents the effects of immigration at the rate 
of 100,000 a year and emigration at 25,000 r year, with an 
annual net immigration of 75,000. The effect of any alternative 
amount of net immigration or net emigration may be determined 
by inflating or deflating the model figures proportionately; i.e., 
halving the figures if. only 37,500 net immigration is to be 
assumed. 

Normally, the two components of international migration, 
immigration and emigration, are projected in combination as 
net migration. Consideration may be given to projecting im- 
migration and emigration separately when separate trends in 
these components can be identified and net migration is 
sufficiently large. Even when there is an overall balance of 
roughly zero net migration for a population, there may be 



* United Nations. World Population Prospects as Assessed m 1963. pp 46-4? 

*• United Nations, The Population of South America, I9S0-I980. Annex C, 
and United Nations. Methods for Population Projections r , Sen and Age. tablet 
47-50. pp. 64-67. 



substantial gross migration and, under these circumstances, 
the contribution of immigration and emigration to the gross 
migration may vary from one age to another. If the age-sex 
distributions of immigrants and emigrants differ considerably, 
there may be reason to project, and evaluate the effect of, 
immigration and emigration separately. Projections for West 
Germany made in 1963 provided one alternative with net 
immigration through 1969 but added a table giving the sur- 
vivors and descendants annually over a period of 40 years of 
100,000 immigrants and 100,000 emigrants by sex. 17 

United Nations Projections of 1946. -The population projec- 
tions for the countries of the world published periodically by 
the United Nations represent the single most important set of 
international population projections available. We describe 
these projections here as an illustration of how the components 
of population change may be combined ifi developing a compa- 
rable set of population projections. I n its latest set of population 
projections, those published in 1966, the United Nations 
applied the same method uniformly for every world region in 
order tb-achieve a certain degree of interregional comparability, 
even though the methods are too crude for some areas and too 
refined for others." 

These projections employed the U.N. set of model life tables, 
which provide a representative set of survival raies for any 
general mortality level defined in terms of eV These generalized 
assumptions were modified where this was considered appro- 
priate, and for particular countries expectation of life at birth 
could exceed the limit of 73.9 years assumed for the wet of 
model tables. The system calls for a steady decline in mortality 
in 5*2 future in all countries; no increase in mortality is con- 
templated. The amount of plausible variation in death rates in 
most regions of the world appears rather small, compared with 
that for birth rates, and so only one mortality assumption was 
employed to carry out the projections for most regions. In the 
case of the remaining regions, however, high and low assump- 
tions of mortality were employed. 



" Karl Schwarz. *Vorautjch*uun| der Bevolkerung des Jundttfebietcs bit 
zum Jahr 2000" (Protect ions of the population of West Germany to the year 
2000): Wtrtichafi und Statistik (Wiesbaden), 12:729-755, Dec 1963. 

* United Nations. World Population Prospects as Assessed in 1963. pp. 44-41. 
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The use of a generalized procedure of allowing for mortality 
introduces some error, particularly where the ' trend" of the 
mgdtl tables is not consistent with the actual past trend in a 
given country, or even with the actual current level in the 
country if it were known Other errors may be more serious as, 
for example, the inadequacies of data on the age distribution 
from which tiie projections "take off.'* 

The assumptions on fertility are stated in terms of the U.N. 
sex-age-adjusted birth rate {s.a.a.b.r.). Assumptions on fer- 
tility were formulated differently for regions with gross re- 
production kates greater than 2.00 and those with gross 
reproduction rates less than 2.00. Most of the world's popula- 
tion has high fertility, which may very well decline by the year 
2000, but the;* is little basis for formulating specific assump- 
tions. For these high fertility regions (i.e., with GRR greater 
than 2.00), it was assumed that fertility would begin to fall at 
various dates before 2000 as follows: Taking general account 
of the record of other countries which have already experi- 
enced a decisive fertility decline, the s.a.a.b.r. in successive 
« 3-year periods following onset of the decline was assumed to 
average 97.5. 90, 80. 70. 60, 52.5, 4 nd 50 percent of its initial 
value and to remain^hereafter at this level (i.e., after a 30 , ear 
period). Alternative high, medium, and low assumptions were 
made for eacjuegion in terms of the assumed date of onset of 
the fertility decline, and the alternative dates were set wider 
apart in some regions than in others. In the high assumption 
the date of onset was assumed to be later than in the low as- 
sumption. (The rate, duration, and ultimate Jevel of fertility 
were assumed to vary from this general assumption in some 
cases.) 

For the regions of low fertility (i.e., with GRR less than 
2.00), the high, medium, and low assumptions were based on 
an examination of variations previously observed in these 
regions. For the high assumption, the s.a.a.b.r. was assumed to 
average 20 from 1970 onward ip regions of very low fertility 
and 25 per 1,000 in regions of moderately low fertility. For 
the low assumption, the s.a.a.b.r. was assumed to fall to be- 
tween 16 and 1 8 in 1970. 

Allowance /or net migration was limited to those regions 
'here the recent volume of net migratipn had been relatively 
*irge in proportion to the natural population increase- Europe, 
the Americas, and Oceania. The principal assumption was 
that, in the period I960 to 1980. there would be a fixed annual 
migratory loss from Europe of 230,000 to America and 
Oceania; between 1980 and 2000, the migratory balance would 
diminish linearly to zero. (The assumption comprises a net 
immigration, presumably mostly from Europe, of 40,000 an- 
nually to Temperate South America, and an equally large net 
emigration, picsumably mos?ly to the United States, from the 
Caribbean and the Middle American mainland.) It was further, 
assumed that an annual migratory balance of 1,000 persons 
would entail a demographic gain (or loss) of 12,000 persons 
within the first 10-year period, and 15,000, I8,000,and 20,000 
in each of the next three 10-year periods. These additions 
(or losses) represent the combination of the direct additions 
due to net immigration and the indirect additions through the 
natural increase of the migrants. v 

Three sets of projections are presented for the world, major 
areas, and regions, labeled "medium/' "high," or "low/* based 
on census data or estimates of total population and a*e-sex 
composition for years around I960. The individual series gen- 
•nlly represent the combination of high, medium,, or low 
fertility with the single assumption on mortality and migration. 



In the few regions where high and low assumptions of mortality 
were employed, these were combined with either high or low 
fertility depending on the circumstances in each region. In 
general, only one set of projections, corresponding to the 
medium variant, is presented for each country. The medium 
series is intended to follow the most plausible population trend, 
and the high and low series are designed to represent upper 
and lower boundaries of the range of maximum plausibility or 
estimates of the range of error in the medium series. This range 
varies from region to region. A fourth series, -constant fertility, 
no migration," allowing for mortality improvement, is designed 
to serve as a basis for evaluating changes in the other series. 
Available (official) national projections, extrapolated if 
necessary to 1980, were generally employed for individual 
countries. 

Subnational Projections of Total Population and Age-Sex 
Composition 

In turning from the methodology of national projections to 
the methodology of projections for geographic subdivisions, we 
must become concerned with the outlook for internal migration. 
Although the assumption that future international migration 
will be ml or negligible is justified for many countries, internal 
migration (particularly rural-urban migration) involves a large 
proportion of the people in almost all countries. Indeed, as we 
saw in chapter 13, the growtfi rates of a country's political 
subdivisions tend to differ largely because of internal migration 
rather than natural increase. 

The problem of making population projections is rather dif- 
ferent for political units, such as States and counties, and for 
subdivisions that represent statistical classifications, such as 
urban-rural areas and areas classified by size, As was noted in 
chapter 6. the former are subject to relatively few boundary 
changes, whereas the latter are frequently reclassified after the 
results of each census become available. Changes in population 
resulting from boundary changes and revised statistical 
classifications constitute, in effect, another major component 
along with migration which must be considered in making 
projections for these areas We will consider here only the 
methods of projecting population for relatively stable, political 
areas not affected by boundary changes. 

The range of methods applicable to subnational projections 
is more extensive than for national projections. This situation 
results from the fact that both independent methods and 
methods dependent on the projection for another area (either 
another geographic subdivision or. more commonly, the 
country as a whole) may conveniently be employed in the 
calc ation, from the fact that the methodology must consider 
internal migration as an additional factor, and from the fact 
that many types of data are relevant and often available. 
Although internal migration is often an important factor in local 
population growth, and it must be taken account of in projec- 
tions, the allowance for this factor does not have to he explicit. 
The vanous methods (or subnational projections include 
mathematical methods and ratio methods, cohort-component 
methods, methods using economic analysis.. particularly cor- 
relation with " indicators." i.e.. variable whose changes more 
or less reflect changes in population, and combinations of these 
methods. The various analytic methods attempt to take ex- 
plicit account of one or more of the demographic or socio- ' 
economic variables with which change in the geographic distri- 
bution of the population is related. Once again, because some 
methods derive the projections of total population by com- 
bining projections for age group* and because others may be 
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applicable for deriving projections of both tota) population 
and age-sex structure directly, it is convenient to consider (he 
projection of total population and age-sex structure at the 
same time. 

Mathematical and Ratio Methods. -We consider first those 
methods which employ a minimum of independent data, as- 
sumptions, and variables for making the projections. Even 
when additional statistics, including estimates of past net 
migration, can be developed, one does not have to use the more 
complex, analytic methods, especially if projections must be 
prepared for a large number of geographic subdivisions and 
rough figures are satisfactory. In the mathematical methods, as 
previously noted, typically the series of total population figures 
for past years for the area are directly extended to future 
years by use of some mathematical formula, without benefit of 
other related series of projections. In the ratio procedures, 
typically the series of total population figures for past years are 
extended by mathematical formula as a ratio of the population 
for some larger area for which population projections are al- 
ready available. Sometimes the two methods may be applied 
in such a way as to imply algebraically nearly the same pro- 
cedure and give the same results; for example, projections for 
a set of geographic areas derived by mathematical extrapola- 
tion of absolute totals and pro rata adjustment of these extrap- 
olated figures to prior projections of the parent (i.e., more 
inclusive) population may closely resemble projections ob- 
tained by the ratio method. 

Mathematical methods. -The forms of mathematical curves 
useful for making projections of local population are very much 
the same as those useful for making national projections, as 
noted, earlier and as described in chapters 13 and 22. Local 
populations may be projected by straight lines, simple geometric 
curves, polynomials of second or third degree, or complex 
growth curves such as the logistic curve. The curves may be 
passed exactly through the past data or simply approximate 
them. The particular curves differ in their suitability for par- 
ticular situations or in the probable errors associated with the 
resu lts. Special caution is necessary in the use of mathematical 
curves for projection purposes. A mathematical curve may 
project an unreasonably large figure for a local area in relation 
to a prior projection for the parent area and, in extreme cases, 
may project a larger figure, even with the same mathematical 
curve. None of the curves, except possibly the logistic, is 
applicable over a long period because they imply either 
unlimited growth or indefinite continuation of the same growth 
pattern. 

Ratio methods. -The ratio method of projecting total popu- 
lation is peculiar to projecti6tis for geographic subdivisions. In 
this method the percentage distribution of the parent popula- 
tion (e.g., a country) among the geographic subdivisions (e.g.. 
States) is observed for one or more past dates, projected to 
future dates, and applied to an independentlv derived projec- 
tion of the parent population. For the projection of the pcrcents, 
the percent distribution may be held constant a t the last 
observed level or may be modified in some way to take account 
of the past trend. Although, in principle, the chief factor affect- 
ing the redistribution of population is internal migration and 
this component of change is quite likely to be influenced by 
economic developments, there is no direct practical way of 
taking account of plans or expectations concerning the eco- 
nomic development of regions in the ratio method. The percent 
distribution may be assumed to approach a stable condition 
after a great number of years on the ground that differences in 



fertility and mortality will have disappeared and net migration 
will have fallen off to zero for each area. There are many 
ways of accomplishing a shift to stability in this distribution. 

One procedure for calculating projections by the ratio 
metLod may be illustrated for the provinces of Canada (table 
24-16). These projections assjume that the average annual rate 
of change in the percents observed between June I, 1961, and 
June I, 1969, for each area will fall off linearly to zero by the 
year 2,025.* First, the percent distributions of the national 
population by provinces in 1961 and 1969 are calculated 
(cols. I and 2). Second, the average annual rates of change be- 
tween 1961 and 1969 are derived (col. 3). They are assigned to 
the middate of the period. Dec. 1965. These rates of change are 
then extrapolated according to the*basic assumption noted 
above (cols. 4 to 9 and cols. 13 to 17). The population percents 
of June 1969 are then extrapolated to 1975 (col. 10) and 1980 
(col. 18) according to the annual percent changes previously 
determined for each projection year. These percents do not 
automatically add to J 00.0 and require some adjustment (cols. 
1 1 and 19). Finally, in columns 12 and 20 the absolute figures 
are obtained by multiplying the percents by an independently 
derived projection of the total population of the country. 9 * 

Another variation of the ratio method employs an assumed 
relationship between the area's own growth rate and that of 
another area for which a projection is already available. In 
this case the other area may be a broader area or a coordinate 
geographic subdivision. The method is especially applicable 
when (a) adequate population and vital statistics are lacking 
for a given area, (b) data are lacking for part of an area's popula- 
tion, for example the tribal or nomadic population, or (c) the , 
relatively srw'< population of the area or the limited lime 
available make it impractical to construct an independent 
projection. 

The ratio method in either form may also be used, of course, 
when a single geographic subdivision requires a population 
projection. Moreover, it is readily capable of extension to a 
hierarchy of subdivisions. For example, having been used for 
states or provinces, it may next be used for the counties or 
communes of which these primary subdivisions are constituted; 
in this case, the projections for the primary subdivisions are 
employed as totals to which the secondary set of percentage 
distributions is applied. 

The ratio method may be readily adapted to derive projec- 
tions of the age-sex distribution of geographic subdivisions. 
Two types of ratio techniques are considered here for pro- 
jecting the age-sex distribution of the primary divisions of a 
country. Both require prior projections of the national popula- 
tion by age and sex and of the total population of each area. 
T^e first employs the ratio of the percent of the area's popula- 
tion in each age-sex group to the corresponding percent for the 
national population at the last census.* 1 It is then assumed that 
the ratios of the percents will not change, will change according 
to the intercensal "trend," or will change according to some 
other principle, as for example, that the rati * will approach 
unity by some distant date. The projected ratios are then 
applied to .the projections of the percent distribution of the 



w All calculations «re actually earned out tn terms of proportions rather than 
percents (i e . on a unit basis) 

ij^ An »^AT mtiv . e J M l5 fer ro**** 1 <* Projecting the ratios is illustrated in. 
Helen R White. J S. Siegel, and Beatrice M Rosen. ' Short Cuts in Computing 
Ratio Projections of Population." Agricultural Economics Rexean n. 5< 0 5- 1 1. 
January 1953* 

For an application of this method, see Margaret J Hagood and J S, Siegel, 
«5S tl ? n * of thc ^t^^ 1 Distribution of the Population of the United States 
to 1973, Agricultural Economics Research. 3(2) 41-52. April 1951 
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Table 24- 1 6. - Projection of the Population of the Provinces of Canada by the Ratio Method from 

1969 to 1975 and 1980 



Piaaiace 



Newfoundland 

trim* Sdvard IaUnd r .. ...... 

Worn Soot la 

Wan Snaaielek, . , 

Quebee , , 

Ontario , 

Mnltobe 

Seenatohawem... , 

ttWrta 

trltiaa Coliaabia 

Tubcm and Sorthveet Tarritorli 



( Prinee BAmi* maud, 
Rom fleotla .*...••••< 

Hav tn—wiak 

Qtae b e e 

Gftlsrio 

Haaltooi 

Alberta # , 

BriUaH OoltaaMa 

Takaai and Jfertaaraat Territory 



Pair eat fatrifcatie* 
•f aofvlMian 1 



C«a«i, 
fee* t, 1961 

(1) 



100.000 



2.510 
0.574 
4.041 
3.278 
28,83ft 
34.192 
5.054 
.5.073 
7.303 
8.932 
0.206 



Eetuaatea, 
)m* 1, 1969 

(2) 



100.000 



2.441 
0.522 
3.623 
2.968 
28.413 
35.383 
4.648 
4.553 
7.412 
9.814 
0.223 



Projattad |«e*laf ie«. 
)eac 1, 197? 



Atjeaie* 
•arc eat 
tutnaatiea 

(11) 



100.000 



2.995 
0.448 

3.365 
2.775 
28.027 
36.181 
4.392 
4,232 
7.490 
10,420 
0.235 



Naaeer 

(12) 



>23 f 256,02 5 



556,982 
113,489 
782,565 
645,355 
6,517,966 
8,414,262 
1,021,405 
964,195 
1,741,976 
2,423,278 
54,632 



Averete aaaaal rate of change i* percent 2 



EsjiMated, 

1961-69 



<i) 



(X) 



-0.349 
-1.188 
-1.365 
-1,241 
-0.18- 
40.428 
•1.046 
-1.351 
♦0,185 
♦1.178 
♦0,991 



Projected 



1969-70 
(4) 



(X) 



-0.322 
-1.093 
-1.257 
-1.142 
-0.171 
♦0.396 
-0.965 
-1.147 
♦0.171 
♦1.088 
♦0.914 



1970-71 
(5) 



(X) 



-0. 316 
-1.072 
-1.233 
-1.120 
-0,168 
♦0.389 
-0.947 
-1.224 
♦0.168 
♦1.068 
♦0.897 



1971-72 

(6) 



(X) 



-0.310 
-1.051 
-1.209 
-1.098 
-0.165 
♦0.382 
-0.929 
-1.201 
♦0.165 
♦1.048 
♦0.880 



1972-73 

(7) 



(X) 



-0.304 
-1.030 
-1.185 
-1.076 
-0.162 
♦0.375 
-0.911 
-1.178 
♦0.162 
♦1.028 
♦0.863 



Prelected average aaaaal tate of change 
to a* .rent* 



1975-76 
(U) 



(X) 



-0.286 
-0.967 
-1.113 
-1.010 
-0,153 
♦0.354 
-0.857 
-1.109 
♦0.153 
♦0.968 
♦0.812 



1976-77 
(14) 



(X) 



-0.280 
-0.946 
-1.089 
•0.988 
-0.150 
♦0.347 
-0.839 
-1.096. 
♦0,150 
♦0.948 
♦0.795 



1977-78 

<15) 



(X) 



-0.27* 
-0.925 
-1.065 
-0.966 
-0.147 
♦0.340 
-0.82L 
-1.063 
+0.147 
♦0.928 

Vo;t78 



1978-79 
(16) 



(X) 



-0.268 
-0.904 
-1.041 
-0.944 
-0.144 
♦0..333 
-0.803 
-1.040 
♦0.144 
♦0.908 
♦0.761 



1979-80 

(17) 



(X) 



-0,262 
-0.883 
-1.017 
-0.922 
-0.141 
♦0.326 
-0.785 
-1.017 
♦0.141 
♦0.888 
♦0.744 



1973-74 



(X) 



-0.298 
-1.009 
-1.161 
-1.054 
-0.159 
♦0.36* 
-0.893* 
-1.153* 
♦0.159 
♦1.008 
40.846 



1974-7? 
(9) 



(X) 



-0.29? 
-0.968 
-1.137 
-1.032 
-0.156 
♦0.361 
-0.875 
-1,132 
♦0.256 
♦0.988 
♦0.829 



Prelirataary 

percent 
dtainbwtioa, 
Jane I, 1975 

(10) 



100.166 



2.399 
0.489 
3.371 
2.780 
28,074 
36.241 
4.399 
4.239 
7.502, 
10.437 
0.235 



Projected pap alette*, 
laac 1. 1980 



• Pcrceat dtatrtbattoa 



Preltaiiaary 
(18) 



100.162 



2.360 
• 0.464 
3.187 
2.645 
27.831 
36.764 
4.214 
4.011 
7.544 
10.897 
0.245 



Ad|eeted 

(19) 



100.000 



2.356 
0,463 
3.182 
2.641 
27.786 
36.704 
4.207 
4.005 
7,532 
10.879 
0.245 



Naaecr 

'20) 



*25,250,634 



594,905 
116,910 
803,475 

7,0l6|l41 
9,267,994 
1,062,294 
1,011,288 
1,901,878 
2,747,016 
61,864 



X Nan Whcabta 

i £^- M 5Ti2 i ?? ^H 9 !" % ^S^'m '**"' °! Co***' t96t > Vo1 1 ipan °- *H»I*«* Ct» K raphH«l Distribution, mi. and 

I. EtfimMM Population by Sex and Aft Croup, for Canada and Province*, June I. 19*9. Dec 1969 . 

daaJto it J^9^£r,£ PEE 2*?!^^ ?£ 9 \ (0 , m £ 70 % l ?£ m * * Umr •"terpol.tton between the rate of 

*fwld t^J^lIZ Z£*EL JJZ uVSr TTm ^J***"* «■« for the period :020~25. which i» aisumed lo be zero in every ca*e 
for Iha frolLti^^ Far.tHy. Household art labor Forte Growth to /9*T. Starf Study No V^repered 

lor im tconomtc council of Canada. Sept 1967. table 2-7 <*enc» with medium immigration and medium fertility) 



population by age for the country as a whole to obtain projec- 
tions of the percent distribution by age for each area. Each of 
these percent distributions must then be proportionately ad- 
jutted to 100 percent for all agei before being applied to pro- 
jections of the tout population of each area. Proportionate 
adjustments of the figures for all areas at each age to the na- 
t tonal totals at that age, and of the age-sex figures for each area 
tb the total of all ages for the area, follow in order. This cycle 
of adjustments is repeated until full, or nearly full, agreement 
with marginal totals is obtained .(known as the method of 
iterative proportions or two-way raking; Me ch. 22). 

Two-way raking is also applied in the second ratio procedure 
for projecting the age- sea distributions for a set of subnational 
arm. Here, the male population and the female population at 
each age in the parent population at the first projection date 
aft distributed by geographic areas according to the regional 
distribution at the test census, and the results over all ages are 
- then adjusted proportionately to the independent projection of 
the total population of each area. The resulting figures are 
again subjected to the same adjustment cycle until complete 



reconciliation with assigned marginal totals has been achieved. 
These final results are then utilized as a basis for deriving the 
projections at the next projection date by the same procedure, 
and so on. This two-way raking procedure has been applied 
principally in connection with projections of the urban and 
rural population by age and sex (see app. A). 

These two ratio techniques may be effectively merged into a 
single procedure. Consider the case where data on age. sex. 
and geographic subdivisions are available for a single census 
and it is assumed that the sub-area-to-total-area ratios of the 
percent* for each age group will remain unchanged from one 
projection date, to the next. The final figures for the first pro- 
jection year, after raking is completed, may then be employed 
as a basis for calculating the ratios of the percents to be used in 
the second projection year, and so on. w 



•* A step-by-slep description of tht« procedure, including applications to the 
countries of Csntral America, la given m United Nations. Economic Commission 
for I atin America. Human Resounex of Central Amtm a, Panama, uaiiMexho, 
I95Q-&0, in & e latum to Some A$pe< tx of £< onoma Oex ehnmeni. by I out* J. 
Ducoff. I960, app B and PP 41-41 
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In sum, the mathematical and ratio methods of projecting 
regional population generally have the advantage of simplicity 
of computation, but they do not take into explicit account, and 
herwe provide little or no information with respect to. the 
demographic or socioeconomic correlates or components of the 
indicated trends. Nevertheless, the results may usefully serve 
as approximations to the future geographir distribution of the 
population of an area, particularly when comparable figures for 
a set of constituent areas are desired quickly and with little 
investment of resources. 

Cohort-Component Method. -T;vr cohort-component method 
is now the most widely used of the annlytic method* fee prepar- 
ing regional projections. The general outline t*f the method i> 
the same m indicated for national projections, bin ihe conifK 
nent of internal migration must be incorportatcd »n(o the 
procedure. This method is especially appropriate if projections 
by age and sex are wanted in addition to totals. C arry ing oi;t 
component projection* on an a$*-specific basis is recom- 
mended even when projections of only the total population ure 
sought, because of the added specif icity af the aaMimptHmo and 
the provision of data on the agescx distribution of the popula- 
tion a* a by-product. The cohort-component method may be 
applied wi»h various degrees of refinement and complexity, 
from a variation in which mortality and migration are handled 
jointly and a single assumption h made for this joint component, 
to one in which migration is treated as three components! 
namely, net immigration, gross in migration, and gso^s out- 
migration, and several assumptions are made with respect to 
each component of change. In applying the cohort-component 
method, the choice of a specific procedure is suggested in lar^c 
part by the type and quality of data available ant 1 he resource* 
for developing the projections. 

Sufficient \t*t\n& h« not been carried out to support the 
conclusion that the analytic methods, including the cohort- 
component method, provide more accurate or realistic pro- 
jections than the ratio and mathematical methods, but they 
may be preferred for a number of reasons, quite apart from the 
relative accuracy of the method*. A* m the case of national 
projections, they may be expected to provide more meaningful 
and useful results for subnational areas since they attempt to 
take explicit account of the components of change and of 
available knowledge regarding the course of these components. 
In addition, direct use can be n»a<f* of national projections of 
mortality, fertility, and net migration from abroad. From tne 
standpoint of accuracy, however, the choice of method may be 
less important than the choice of assumptions, particularly 
those relating to individual components. Like any set of pro- 
jections based on receni past trends, projections using fh* 
cohort-component method will fail to predict a sh>f* away 
from these trends during the projection period and, hence, may 
differ from actual developments. 

Use of census cohort-change rates. - 1 n the simplest fo. m of 
the cohort-component method the components of net migi* 
tion and mortality are treated as a unit in the projections for 
the cohorts already alive at the base date, and a single assump- 
tion is made that the rates remain unchanged. In general, the 
method involves carrying forward the latest census or current 
population by age and sex to future years by use of census 
cohort change rates (sometimes called migration-survival 
ratios), representing the ratio of the number of persons enumer- 
ated in a given age group in one census to the number of 
persons in the. same birth cohort enumerated in ,j previous 
census. Census cohort-change rates include, in addition to 
mortality and net migration, the effect of relative errors of 



enumeration between successive censuses. In the formula of 
Hamilton and Perry cohort-change rates for a given area be- 
tween the two censuses are assumed to remain constant in 
future years:* 1 



P 1 



(8) 



where P is population, a is the initial age of the age interval at 
the e ?cond census, n is the size of the age interval, / is the year 
or the second census, and k is the intercensal interval in years 
(a mi'ifiple of n, usually 5 or 10 years). The formula does not* 
directly allow for .he calculation of projections of children in 
Ute cohorts boirt du.ing the intercensal period. In the Hamilton- 
"erry procedure births during the projection period are esti- 
mated by holding constant recent age-specific birth rates, 
in our illustration below, we hold constant the last observed 
child women ratio. Although formula (8) assumes no change 
ftom the inteicensal period io the projection period in age- 
sretific death rates, migration rates, and patterns of net census 
error, alternative assumptions are possible. 

Censuses are take* most commonly at 10-year time intervals 
and show abridged age deteii for geographic subdivisions of 
the country. In this case, it is "nosf convenient to prepare 
projections at f 0-year time intervals for a combination of 
5- and 10-year ape groups (depending on the original age 
detail). An >*us*ration, relating to Siva* Province in Turkey 
eoi^oys census data for 1 955 and 1965. tc thrive projections 
for the female population in 5^ and ?0-yee~ age groups for 
1975 (table 24-1?) fit age 'ata sh^wn for 1955 and 1965 
reprcsciu the maximum common <Uxk\ available in these 
censuses, and projections Tor fh* me age groups were pre- 
pared. Census data <rc available for 2 ^60 but were dis- 
regarded for this MluslntfHM No adjus<menis were made for 
errors :n coverage or age reporting in th* 19*5 and 1965 
censuses; To adapt to the age deta ; available w? have calcu- 
lated 10-year census cobo whangs rai*s for 5-year age groups 
up to 20-24 and for tO-ycai ajjc gro,:^ 25 and over; for 
example. 

p *U 

* :o-.4 

p!MA 



*» M pifVk r ivn 
9 \1<U 



pun 

*** P)*iS »4 



tor Jhc afes under 10 in 1975. wc have emploved the following 
ratios of children to women: 



pm 

P1*7S ~ L? 4 
*•< Dl 



pim ' m u 
9 ta \\ 



piMS 



9 in \* 



Where the censuses are five years apart and 1-year age data 
are available for the geographic units, projections can con- 
veniently be made at 5-year time intervals for 5-year age groups 



w < Horace Hamilton and Jfecf Perry. "\ Short Method for Protecting 
4I^HM-I70 d£ m2 DwfnB,Bl Cmm% ,0 Another." M ftmtx 



ERLC 



34 



28 



THE POPULATION SECTOR (BUREAU OF THE CENSUS) 



Tabic 24-17. -Projection of the Female Population of Slvas 
Province, Turkey, by Age, by the Census Cohort-Chcnge 
Method (10- Year fotercensal Period), from 1965 to 1975 



Age la) 
(years) 


Cenaus. 

(1) 


Ceosua, 

(2) 


Ratio 

(2) HI) , n = 
a a* 10 

(3) 


Protected 
population, 
1975 

(3) K2) . ■ 
a a- 10 

(4) 




300,383 


354,809 


(X) 


418,741 




34,095 
41,990 
27,566 
25,757 
28,216 
47,127 
28,831 
23,040 
14,446 
9,315 


59,569 
55,957 
41,585 
29,291 
25,455 
55,516 
35,614 
22,028 
18,347 
11,446 


(X) 
(X) 
.7687 
.6976 
.9234 

1.0286 
.7537 
.7640 
.7963 

\4817 


2 71,992 
2 66,156 
45,791 
39,036 
38,400 
56,312 
41,953 
27,209 
17,541 
*U,351 























X Not applicable 

1 Sources Turkey. General Statistical Office, Census of Population. Oct 
23. 1955. Population of Turkey. Vol 67. table 16, idem. Census of Population, 
Oct. 24, 1965, Social and Eionomtc Charactertstus oj the Population, table 12 
Age* not reported have been prorated 

* Calculated by special formula, see text 

■Derived by: 1 1,446 - 04,446 + 9.315) 

4 Den ved by 48 1 7 ( 1 8,347 + ! 1 ,446) 

by census cohort-change rates, except for young children. The 
projections for children under 5 in the first projection year can 
be derived by assuming that the ratio of children to women of 
childbearing age in that year and K»*r years will be the same as 
shown by the latest census. We can also carry out this pro- 
cedure for Sivas Province in Turkey using the census data for 
I960 and 1965. The steps are: (I) Subdivide the 10-year data 



for ages 25 and over into 5-year age groups (chapters 8 and 22), 
(2) carry the population forward to 1970 and 1975 in 5-year age 
groups by the cohort-change method, and then (3) recombine 
the data into the age groups of the census. Table 24- 1 8 presents 
the calculations for part of the age distribution and the resulting 
total over all ages. The age groups above age 25 were sub- 
divide by osculatory interpolation (Sprague multipliers) in 
order to derive the required 5-year cohort-change rates. The 
projections for children under 5 in 1970 and 1975 were based 
on the assumption that: 

\Pn*f I Pis-it / I />■*-«/ 

A comparison of the projections for 1975 in tables 24-17 
(col. 4) and 24-18 (col. 5) indicates substantial percentage 
differences at a few ages under 35. The differences may be 
viewed as reflecting principally the results of employing two 
different assumptions of net migration, although differences in 
mortality and in net cenjsUs errors are also involved. 

Direct estimates of net migration.- A more refined pro- 
cedure, which we may call the cohort migration-survival 
method, treats migration as a separate component. In the most 
common variation, births, deaths, and net migration (combining 
net immigration and net internal migration) are the components 
directly manipulated. Although statistics of gross migration are 
useful in analyzing past population redistribution and in making 
more realistic assumptions about future migration (see next ' 
section), they may be unavailable and use of such data, when 
available, greatly complicates the method. The effect of 
migration on population change may be measured more simply 
by use of estimates of net migration. As we have seen in chapter 



Table 24- 18. -Projection of the Female Population of Sivas Province, Turkey, by Age, by the 
Census Cohort-Change Method (5-Year Intercensai Period), from 1965 to 1970 and 1975 



A|r (a) 
(years) 



Total, all acta 2 

Undar 5 

5-9 

10-14 

15-19 

20-24 

25-34 

2V29 

J0O4 



Croatia* 
I960 1 



333,851 



36,616 
50,065 
36,303 
24,502 
26,779 
(57,136) 
29,526 
27,610 



Cenaua, 

1965* 



(2) 



354,809 



59,569 
55,957 
41,585 
29,291 
25,455 
(55,516) 
28, 517 
26,999 



Ratio 

(2>«*<l)a-V= 

(3) 



(X) 



W 
.9884 
.8306 
.8068 
1.0389 
(X) 
1.0649 
.9144 



Projected 
population, 

1970 

()>»«<2>«-5- 
(4) 



376,504 



3 63, 334 
58,878 
46,478 
33,551 
30,430 

(53,183) 
27,107 
26,076 



Projected 
population, 

1975 

(3)a*(4>a-5= 

(5) 



401, 574 



*68,179 
62,600 
48,904 
37,498 
34,856 

(57,192) 
32,405 
24,787 



X Not applicable 

' Sourcrt Turkey. General Statistical Office. Census of Population, Ot( 23. I960, No 4^2. table 5. idem. Census of Population Ott 24. 1965. Social and Eco- 
icChuractenstics of the Population, table 12 Age not reported has been prorated Age groups 25 and over were subdivided into 5-year age groups by osculatory 
potation (Sprague multipliers) 



nomit — . v . ,- r , 

interpolation (Sprague multipliers) 

9 Covert all ages, including 35 years and over 
* Calculated by use of the formula 



— SL-i — x P'tr* (PmlKMI 



* Calculated by use of the formula 
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2 1 , such estimates, combining international and internal migra- 
tion as well as the effects of boundary changes, are readily 
calculated as interccnsai residuals for the political subdivisions 
of many countries. Amounts and rates of net migration by age 
can be derived for those areas which have age data in the 
appropriate detail in two appropriately spaced censuses. 
Amount* and rates of net migration can occasionally be 
computed also from census or sample survey data on place of 
residence at a fixed d*te pnor to the census or survey. 

A variety of cnoiccs are available for making assumptions 
regarding future migration for geographic subdivisions. The 
migration assumptions may be expressed in terms of amounts 
or rates of net migration. The amounts or rates assumed should 
be based on actual experience in some recent period in the 
specific local area; they may be held, constant or projected 
according to some formula Gradual change to half or some 
other proportion of the previous intercensal amounts or rates 
by some ftiture date is a type of alternative assumption. To 
simplify the expression and application of the assumptions, 
rounded amounts or rates may be employed. Estimates of net 
miration by age for a current period, for use in population 
projections for local areas, may be computed in various ways, 
as described in Chapter 21. Either actual death statistics, life 
table survival rates, or national census survival rates may be 
employed to make the allowance for mortality in a residual 
procedure. The "forward" formula is well adapted to the 
needs of projections. The estimated amounts of net migration 
may then be converted to rates for the purpose of projections 
by dividing them by the "expected" population, that is, the 
survivors, at the end of the intercensal period, of the initial 
population. 

Accordingly, if the population is to be carried forward by 
5-year time intervals with 5-year migration rates of this kind, 
we could proceed as follows: (I) Calculate or select appropriate 
5-year survival rates for the first 5-year projection period; 
(2) carry forward the initial population to the end of the first 
period with these projected survival rates to derive the "ex- 
pected" population; (3) make an allowance for net migration 
by applying rates of net migration to the "expected" population; 
(4) project the number of births or the number of childr-i under 
5; (5) repeat these calculations for each subsequent 5-year 
projection period. 

4 

It may be recalled that intercensal estimates of net migration 
by age derived ?s residuals by use of national census survival 
rates are presumably free of net census error. It is desirable to 
employ this method in order to measure the migration com- 
ponent more accurately when making assumptions regarding 
future net migration. We can also allow for subnational varia- 
tions in mortality in census survival rates if data are available. 
On the other hand, the method necessarily incorporates the 
assumption that regional census-to-census cohort changes in 
net census errors are the same as the national figures. 

Procedures for deriving projections of population by the* 
cohort migration-survival method using census survival rates 
are illustrated for the female population of Sivas Province, 
Turkey. Projections of the population to 1975 by 5-year or 
10-year age groups, based on the census data for 1955 and 1965 
(disregarding the 1960 census)-and conforming to the age data 
ava ; lable from the 1965 census, are presented in table 24-19. 
The steps are as follows: 

A; Derivation of net migration rates by' age, 1955-65: 



1. Calculate national census survival rates for the female 
population of Turkey, 1955-1965 (col. 2). 

2. Apply these rates (col. 2) to the census population of 
Sivas Province in 1955 (col. 1) to derive the expected popula- 
tion 10 years otder in 1965 (col. 3). (No allowance was made 
for regional variation in mortality levels.) 

3. Subtract the survivors (col. 3) from the census popula- 
tion of Sivas in 1965 (col. 4) to derive the estimated net 
migration by age cohorts, 1955-65 (col. 5). 

4. Derive the corresponding rates of net migration, 1955- 
65 (col. 6), by dividing the estimates of net migration (col. 5) 
by the expected population (col. 3). (These rates have an 
unusual age pattern in comparison with the age patterns of 
net mfgration rates observed elsewhere but have oeen 
accepted for the present use without modification.) 

B. Projection of the 1965 population to 1975: 

5. Calculate 10- year life-table survival rates from model 
table South No. 20 (col. 7), chosen on the basis of an analysis 
of national census survival rates for Turkey and reflecting 
some future improvement." (Note, again, that no allowance 
was made for regional variations in mortality levels.) 

6. "Survive" the 1965 census population (col. 4) to 1975 
(col. 8) by use of the life-table survival rates (col. 7). 

7. Calculate net migration for the 1965-75 period (col. 9) 
by multiplying the migration rates (coI.*6) by the survivors 
in 1975 (col. 8). This procedure assumes that net migration 
rates will remain unchanged. 

8. Add net migrants (col. 9) io the expected population (col 
8) to derive population projections for 1975 (col. 10). 

Inasmuch as the birth statistics of Turkey are inadequate, we * 
have developed our projection of the population under 10 
years of age in 1975 on a different basis. We have simply as- 
sumed that the ratio of children under 10 to women'U to 54 
years old in 1975 is;he same as that observed in 1965. This 
procedure encompasses the effect of fertility, mortality, and 
net migration in determining the size of these juvenile age 
cohorts. 

Other assumptions of net migration should be employed to 
prepare additional series of population projections. We have 
assumed above that net migration rates were the same as ob- * 
served in 1955-65. Possible additional assumptions are: (I) 
Net migration rates, 1955-65, reduced 25 percent; (2) net 
migration rates, 1955-65, increased by 25 peicent; etc. 

We could have employed national census survival rates in 
projecting, the population of Sivas Province instead of life 
table survival rates. As we developed the projections above, 
net census error in one age group is carried down to the next 
age group ovo a prqjection period. Use of national census 
survial rates wduld help to keep the net census errors of the 
Sivas data in their original (1965) ages ana, iience, increase the 
accuracy of the projected changes by age. This procedure im- 
poses the pattern of change in net census errors by age cohorts 
between 1955 and 1965 for Turkey on the census data for 
Sivas Province. Implicitly, mortality in Turkey as a whole at 
the level of 1955-65 is assumed for 1965-75, without change. 



"Ansley J. CoaJe and Paul Demeny. op at See also Paul Demeny and 
Frederic C Short* r, Estimating Turkish Mortality, Fertility, and Age Structure, 
Publication No 218. Faculty of Economics. University of Istanbul, Istanbul. 
>I96S. pp S-28. 
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Tabic 24- 19, -Projection of the Female Population of Sivas Province, Turkey, by Age, by the 
Migration-Survival Method (10- Year Intercensa) Period), from 1965 to 1975 



Asa ts) 
(years) 



«• 1955 



to 1965 



w 1975 



Poputsuon 
of Sivit 
Province, 
census of 
1 955* 



<l) 



10-year 
census 
survtvsl 
rates, 

Turkey, 
1955 to 
1965 

(2) 



Eipected 
survivors. 

1965 



(l)i(2)* 

m 



Population 
of Sivss 
Province, 
census of 

1965 1 



(4) 



Net mt« 
jrsrton, 

1955 to 
1965 



(4M3)* 1 
(5) 



I0*yesr 
net tni* 
frstjon 
rate 



(5) 

(6) 



10>year 
life* 
table 

survival 
rste 2 



Expected 
survivors, 

1975 



(4)i(7)* 
<8) 



Projected 
net m»- 
jrsuon, 

1965 to 
1975 

"\* 

(9) - 



Profected 
populs* 
uon, 1975 



(8)+(9)* 
(10) 



Total 

U) 

151:::::::::::: 

0-4 

5-9 i. 

10-14 

15-24 4 ... 

25-34 

35-44 

43-54 

55 and orsr. , , , 



Total 

(X) 

0-4 

5-9 

10-14 

15-19 

20-24 

25-34 

35*44 

45-54 

55-64 

65 and over.. 



Toui. ... 

0-9 

10-H 

15-19 

20-24 

25-34 

35-44 

45-54.. .. 

55-64 

65-74 

75 and over 



300,393 



(X) 



(X) 



354,809 



(X) 



(X) 



(X) 



(X) 



432,132 



(X) 
(X) 
(X) 
54,095 
41,990 
27,566 
53,973 
47,127 
28,831 
23,040 
23,761 



(X) 
(X) 
(X) 
.9643 
.8744 
1.0403 
1.0451 
.9205 
.8905 
.9165 
.5952 



(X) 
(X) 
(X) 
52,164 
36,716 
28,677 
56,407 
43,380 
25,674 
21, 116 
14,143 



(X) 
59,569 
55,957 
41,585 
29,291 
25,455 
55,516 
35,614 
22,028 
18, 347 
11,446 



(X) 
(X) 
(X) 
-10,579 
-7,424 
-3,222 
-891 
-7,766 
-3,646 
-2,769 
-2,697 



(X) 
(X) 
(X) 
.20<J8 
.2022 
.1124 
,0158 
.1790 
.1420 
.1311 
.1907 



(X) 
,9798 
.9926 
.9910 

.9867 

,9809 
.9678 
,9331 
.8285 
,4060 



(X) 
^,366 
55,543 
41,211 

54,019 

54,456 
34,467 
20,554 
15,200 
4,647 



(X) 
-11,837 
-11,231 
-4,632 

-854 
-9,743 
-4,894 
-2,695 

*-3,785 



*143,345 
46,129 
44,312 
36,579 

53,165 

44,708 
29,573 
17,859 

*16,062 



X Not apr'icabie. 

1 Ages not reported have been prorated 

1 Computed from model life table for region South, level 20. given in. Ansley J Coale and Pau» Demeny. Regional Model Ufe Tables and Stable Populations. 
Princeton. N4. Princeton University Pre**. 1966. p 675 
* Calculated by use of the formula 

pitas ( m m rnt i 

% — !!^! x pmn 1 *'*" 1 ^' 

PlMt tffMU*) 1*54 
li M 

4 Agei 65 and over 



Note that, ideally, we would adjust the 1965 census population 
of Sivas for net census errors by age and then carry the ad- 
justed population forward by projected life table survival 
_ rates and net migration rates; a basis for adjusting the popula- 
tion is lacking, however. 

Projections of population are often wanted at 5-year time 
intervals. A procedure for deriving projections of Sivas' 
population to 1970 is presented in table 24-20 It employs 
10-year net migration rates estimated from the 1955 and 1965 
censuses but requires a conversion of these 10-year rates to 
5-year rates. (For purposes of this illustration also, we omit 
use of the I960 census.) We assume that the 5-year net migra- 
tion rites as estimated on the Basis of 1955-65 population 
changes will continue unchanged for 1965-70. Having derived 
estimates of expeUed survivors in 1965, and of net migration 
for 1955-65 for 5-year age groups from 10 to 24 and 10-year 
age groups above age 25 (table 24-19. cols. 3 and 5), we can 
proceed as follows (table 24-20): 

1. Subdivide the expected survivors in 1965 and the net 
migration estimates, 1955 to 1965. into 5-year age groups 
above age 25 (cols. I and 2). In the present illustration Sprague's 
oscuiatory multipliers (ch. 22) were employed for all categories 
except net migration 25 to 34 years. For the latter category, 
negative results were obtained by oscuiatory interpolation and 
Newton's interpolation formula for halving a group (ch. 8) was 
employed in its place. 

2. Combine the population in adjacent ages (col 3) and 
the estimates of net migration in aujacent ages (col. 4). The 
purpose of this step is to take advantage of the fact that the 
net migration of each 5-year age group is reflected in two of 
the cohorts employed in the calculations. For example, net 
migration for terminal ages 30-34 is represented by the two 
shaded areas tn the following sketch: 




IMS fHo 



3. Divide the net migration in column Wby the population 
in Column (3) to derive a hypothetical 10-year migration rate 
for 5-year age groups (col. '5). 

4. Divide the results in column (5) by 2 to derive 5-year 
migration rates for 5-year age groups (col. 6). 

5. (Compute the expected female population of Sivas in 
1970 (col. 9) by applying life-table survival rates (col. 8) to the 
census population in 1965 (col. 7). 

6. Calculate the projected net migration for 1965-70 (col. 
10) by applying the rates in column (6) to the expected sur- 
vivors in column (9). In every case the figures are matched in 
terms of terminal ages. 

7. Combine the projected net migration in column (10) 
with the expected survivors in column (9) to derive the pro- 
jected population for 1970. 
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Table 24-20. - Projection of the Female Population of Sivas Province, Turkey, by Age, by the 
Migration-Survival Method (10-Year Intercensal Period), from 1965 to 1970 



A«r (a) 
(years) 



•a 196) 



Total .... 

(X) 

0-4 

3-9 

lO-U 

15-19 

20-24 

25-29 

30- 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65 and over, 



in 1970 



Total.... 

0-4 

5-9 

10-14 

15-1$ 

20-24 

25-29 

30-34, 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70 tug over 



Eipecicd 
tumvort. 

Sua* 
Province, 



196) 



(1) 



(X) 



(X) 
(-) 
(X) 
52,164 
36.716 
28,677 
29.564 
26,843 
23,812 
19,56* 
14,646 
11,028 
9,610 
11,506 
14,143 



Net 

gfMiOA, 

19)) to 
196)* 



<2) 



(X) 



(X) 
(X) 
(X) 
-10,579 
-7,424 
-3,222 
*-626 
*-265 
-3,554 
-4,212 
-2,469 
-1,177 
-735 
-2,034 
-2,697 



<l)a*)« 



(X) 



(X) 
(X) 
(X) 
88,880 
65,393 
58,241 
56,407 
50,655 
43,380 
34,214 
25,674 
20, 638 
21,116 
7 18,578 
'14,143 



U)a + )= 



(4) 



(X) 



(X) 
(X) 
(X) 
-18,003 
-10,646 
-3,84« 
-891 
-3,819 
-7,766 
-6,681 
-3,646 
-1,912 
-2,769 
7 -3,383 
'-2,697 



I0»yrar 
net mt* 
(ration 
rate 

(4) (J)= 
()) 



(X) 



(X) 
(X) 
(X) 
.2026 
.1628 
.0661 
.0158 
.0754 
.1790 
.1953 
.1420 
.0^20 
.,311 
.1821 
.1907 



Vyear 
net ni- 
tration 

rate 

()) 2- 
(6) 



(X) 



(X) 
a (X) 
'-.1014 
-.1013 
-.0814 
-.0330 
-.0079 
-.0377 
-.0895 
-.0976 
-.0710 
-.0463 
-.0656 
-.0911 
l0 -.0954 



Population 
of Sivas 
Province, 
census of 
196)* 



(7) 



354,809 



(X) 
59,569 
55,957 
41,585 
29,291 
25,455 
28,517 
26,999 
20,258 
15,356 
12,177 
9,851 
8,874 
9,473 
11,446 



)«year 
[| fr- 
iable 
survival 
iaie> 



(8) 



(X) 



(X) 
.98339 
.99630 
.99625 
.99469 
.99327 
.99211 
.990691 
.96821 
.98443 
.97796 
.96781 
.94993 
.91659 
.67984^ 





Protected 


Eipected 


net mi- 


sur- 


ff at ion. 


vivors, 


1965 to 


1970 


1970 




(9) i 






n«<8)* 


<«>.♦"- 




(10)' 



(X) 



(X) 
58,580 
55,750 
41,429 
29,135 
25,284 
28,292 
26,748 
20,019 
15,117 
11,909 
9,534 
8,430 

•l6 # 464 



(X) 

(X) 
-5,940 
-5,647 
-3,372 
-961 
-200 
-1,067 
-2,394 
-1,954 
-1,073 
-551 
-625 
-768 

•-1,571 



Projected 
populatHMtt 

1970 



(9)M10)= 
(tt) 



386,525 



*65 # 957 
52,640 
50,103 
38,057 
28,174 
25,084 
27,225 
24,354 
18,065 
14,044 
11,358 
8,909 
7,662 

•U,893 



X Not applicable. 

• Age groups 25-29 to 60-64 were interpolated from 10- year age groups <coU 3 and 5 of table 24-19) using Spraf ue's oscillatory multipliers. 

• .Ages not reported were prorated Age groups 25-29 to 60-64 were interpolated from 10- year age groups <co. « of table 24-19) using Sprague's osculatory 
multipliers. 

J Model life table for region South. Iwel 20, in, Ansley J Coale and Paul Demeny. Regional Model Lde Tables and Stable Populations, Princeton. N J . Princeton 
University Press. 1966. p 675 

4 Calculated by use of the formula 
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See tabte t 24?l9 t c J S 6* *" °~ 4 ! ° 5 "* itCTmtmi) a " umed to "I"* 1 or; half the net migration rate ( - 2028) for ages 0-4 (initial) to 10-14 (terminal). 

•Computed by applying Newton's interpolation formula for halving a group 
' Value for ages 60-64 plus one-half value for ages 65 and over ... col I or col. 2 
a Ages 65 and over 

• Same as* value for ages 65 and over in col. I W col 2 

/ ^ l *iw Ct J s m4|r, ? k>n r5 ! te fo ? 60 and 0ver (init,al> lo 65 and over """"a* 1 * assumed to equal one-half the net migration rate < - . 1907) for ages 55 and over 
(initial) to 63 and over (terminal) 



It will be noted in table 24-20 that the conversion of the 
data to 5-year time intervals was carried out after the estimates 
of 1 0-year net migration were derived since the latter should be 
calculated from unadjusted census data (assuming the use of 
national census survival rates). The derivation of 5-year 
amounts and rates of net migration for 5-year age groups, from 
10- year amounts and rates for 5-year and 10-year, age groups, 
may be accomplished in different ways. For example, we could 
interpolate our 10-year data tb 5-year data at a different point 
in the calculations, as by converting the 10-year net migration 
rates directly to 5-year rates. This approach might improve on 
the procedure described earlier, which does not, in effect, 
handle the calculation of the denominator of the 5-year rates 
very satisfactorily. One could simply compute population 
projections for 10-year age groups 10 years ahead and derive 
other required figures by interpolation. 

The results obtained for 1 970 by the census cohort-change 
rate method aiuj the cohort migration-survival method given in 
tables 24-18 a4d 24-20 differ substantially in many ages, as do 
the results for 1975 given in tables 24-17, 24-18, and 24-19. 
Differences in population projections for the same date reflect 
mainly differences in the underlying assumptions on net 
migration. 

Jarver has presented a detailed illustration of the application 
of the cohort-component procedure to U.S. geographic 



subdivisions.* 5 In his illustration 10-year intercensal amounts 
and rates of net migration, 1940-50, are derived by use of 
national census survival rates, adjusted for local mortality 
variations, and converted into 5-year amounts and rates of net 
migration for projecting the population from 1950 to 1955 and 
I960. The procedure used for this conversion is largely the 
same as we applied to Sivas Province, Turkey. Estimates of 
net migration for children under 5 and 5 to 9 years of age are 
derived on the basis of statistics of births during the 1940-50 
decade. The calculation of two alternative assumptions of net 
migration is also illustrated. The total amount of net migration 
derived initially for the 1940-50 period was reduced by 50 
percent and 100 percent under the two assumptions. The 
corresponding figures by age under these assumptions were 
derived by applying a plus-minus proportionate adjustment 
procedure (described in ch. 22) to the amounts of ret migration 
by age calculated initially. These 10-year amounts were con- 



* James D Tarver. A Component Method of Estimating and Projecting State 
and Subdivision?) Populations, Mi so f| aneous Publication MP- 54. Oklahoma 
State University, Agriculture Experiment Station. 1959. See also James D. 
Tarver and Jeame Hit'. IBM 650 Program Instruction! for Making State, 
County, ana City Population Projections by the Component Method, Series 
P-353, Oklahoma State University. Agricultural Experiment Station. June I960. 
The computer programs given relate to estimates and projections of bith rate,, 
survival rates, net migration rates, births, and population for 5-year aje | 
for 5- year time periods 
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verted to 5* year rates in the same manner as for the 100 percent 
assumption on net migration. 

Even if a country has good current data on internal migration, 
it is desirable for the responsible agency to prepare a special 
series of projections assuming no further net migration among 
the geographic subdivisions In this way user agencies can 
make their own assumptions to serve special needs. Calculation 
of a series assuming no net migration a*nong the geographic 
subdivisions of a country in future years permits an evaluation 
of the contribution of net migration to projected population 
change as reflected in the various series with net migration. In 
sum, a no-migration senes may have considerable value to 
planners even though it may be quite unrealistic in itself. m 

Projection of births and deaths. -We have already men-* 
tioned one or more ways of projecting births and deaths in 
preparing subnational population projections by the component 
method. We may consider this problem more generally. 

Birth rates by age and survival rates (or age-specific death 
rates) may be projected independently, or by comparing the 
rates for the local area and its parent area for one or more past 
dates and applying the current or extrapolated ratio of these 
rates to previously available projections of the rates for the 
parent area. The parent area will usually be the country as a 
whole, in addition to historical analysis, an analysis of regional 
differences for other countries at various stages of economic 
development should prove useful in this regard. 

Calculation of the number of births for each Vyear projec- 
tion period by use of age-specific birth rates involves a special 
step. We have to interpolate the female population of child- 
bearing age, by age. to the middle of each projection period, 
apply the projected age-specific birth rates cumulatively to 
this population to derive the average number of births in the 
period, and multiply this number by five to obtain the estimate 
for the 5-year penbd. Alternatively, births may be calculated 
for the first and last year of each 5-year projection period, 
added together, and then inflated by a factor of 2.5. The pro- 
jected number of births and deaths over all subdivisions of an 
(parent) area should, as a final step, be adjusted to the projected 
total of births and deaths for the area. 

Because birth and death statistics by age are not always 
available for small geographic areas and the volume of compu- 
tations in the procedure just described is quite large, it is 
desirable or necessary to try to abbreviate the procedure. 
Fertility may be projected by an indirect method, *uch as one 
employing a single schedule of age-specific birth rates and 
projected total fertility rates, or sex-age adjusted birth rates. 
Mortality may also be projected by an indirect method, in- 
volving a single set of age-specific death rates but with some 
"control" figures at the local level. When mortality vanes only 
moderately among the local areas, the same mortality rates may 
be assigned to several areas or even to all areas in a country, 
i ne projections for geographic subdivisions can be made in 
terms of the ratio of crude birth rates and crude death rates for 



•Sec. for example Sweden. Statistika Centralbyran, Befolkmngsprojektion 
ft* kommunblo< ken till 1970. 1975, I9HQ oth 1985 (Population projections for 
cooperating communes to 1970. 1975, 1980, and 1985), Stockholm. 1969. idem 
Swig** btrtknade framuda folkmangd. Pan 2. Underlay for lokala prog noser 
1963. 1970 och 1975 {Estimated future popuhiion of Sweden, Pt 2, Basis for 
heal projtctions, 1965. 1970. and 1975). Statistiska Maddelanden D 1963 (4). 
Stockholm, p 5. France. Institut de la statistique et des Etudes economiques. 
Perspectives devolution naturelle de la population par department" (Proiec- 

IUMI nfl natural ..f iT. «... J 



lions of natural increase of population by department), frudesStatistiques 
Bulletin Mensuel de Stattstiaue (Pans), No 4, 



Supplement Trimestrtel du umi.-run mmiurt ae jiausuuur (rans>. rto 4 
Oct.-Dec 1957, pp 63-64. and J R L Schneider, "Local population projec- 
tions in England and Wales.'* Population Studies (London), |0<h 98, July 1956 



the local areas to the corresponding figures for the country 
as a whole, provided there have been no radical changes in the 
age composition of local areas and carefully prepared national 
projections of births and deat^are available." 

Because of the possibility of^Hbstantial differences between 
the fertility of regions, consideration must be given to rhe que** 
lion whether migrants will be assigned the fertility rates of 
their area of origin or the fertility fates of their area of destina- 
tion during the penotf pf their arrival and subsequently. 

Separate projection of in- and out -migration. - More mean- 
ingful and possibly more realistic projections of internal migra- 
tion may be derived by projecting in- and out-migration 
separately when the appropriate data are available, rather 
than net migration. This is because the variation in the relation 
of in-migration to out-migration, i.e.. net migration, may be 
expected to be much greater than the variation in the corre 
sponding gross in- or out-migration. Furthermore, tota 
migration between geographic units in a country is in a sense 
dependent upon total out-migration from these units and pro- 
jections for these totals can be made equal to one another very 
simply when in- and out-migration are projected separately. On 
the other hand, use - r net migration rates often results in 
serious imbalances between total net in-migration and net out- 
migration. One general approach for projecting in- and out- , 
migration separately employs age-specific out-migration rates 
to derive figures for out-migrants for each area and the distribu- 
tion of the resulting total number of out-migrants among the 
several areas to derive estimates of in-migrants. This general 
approach was used in preparing projections of the. population 
of States of the United States published in 1967, metropolitan 
areas of the United States in 1969. and communes of Sweden 
in 1969.** 

A description of the methodology used in preparing the 
projections for the States of the United States, by age and sejt, 
from 1965 to 1985, will serve to illustrate a cohort-component 
method in which gross in- and out-migration, and net immigra- 
tion from abroad, are projected separately. The projections 
start, in effect, with estimates of State population by age and 
sex, for July I, 1965. The estimates are then carried forward by 
5-year time periods to each projection date on the basts of 
separate assumptions concerning future fertility, mortality^ 
in-migration, out-migration, and net immigration. 

A single set of projected survivaf rates was used for all 
States but alternative assumptions were employed for fertility 
and interstate migration, Two assumptions regarding future 
interstate migration were combined with two levels of fertility 
to derive four series of population projections. Two of the four 
series of available national fertility projections were adapted for 
this purpose." State-io-national ratios of the general fertility 
rate were projected on the assumption that these ratios would 

" Illustrations of the various procedures noted here are givenwn U S Bureau 
or the Census. Current Population Reports, Senes P-25, No 575. 'Revised 
Projections of the Population of States. 1970 to I9W5,*' October 1 1967 
Schneider, op cit . pp I0s-l|l France. Institut national de la statistique et des 
etudes Konomiques. 'Perspectives devolution naturelle de la population par 
department pp 63-64. Bureau of the Census Cerent Population Reports, 
'SP* " ,tluslra " v e Projections of the Populat.on. by States. 
I960, 1965. and 1970, ' August 9. 1957. an d Sweden. Stat.stiska Centralbyran. 
Svenges Beraknade Framtida Folkmangd, Pt 2 

n7 V l Bur ^ a " of the Census, Current Population Reports, Senes P 25. No 
ill'-, * ev,aed Projections of the Population of States, 1970 to 1985." Oct 3 
1967 idem. Current Population Reports, Senes P-25. No 415, -'Projections of 
the Population of Metropolitan Areas 1975," Jan ij. , 969 . and Sweden. 

iai\ J*} by l kn * MoikmnuxprojvktHm far kommunblotken-till 1970. 

1975. 1980 ot n I9H5 

* Senes 8 and D in U S Bureau of the ( ensus, ( torrent Population Reports. 
Senes P-25. No 381 
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reach unity in 50 years; i.e.,. in approximately 50 years, the 
fertility rates for all States would be equal to the national rate: 
Ratios for intermediate years were obtained by linear interpola- 
tion. These ratios were then applied to the previously computed 
national fertility rates to derive the fertility rates for Slates, 
which in turn were applied to projections of female population 
15 to 44 years old for each State to derive the projected numbers 
of births. The projections of female population ohihildbearing 
age had been derived in a previous calculation by carrying 
forward the 1965 population using age-sex-spccific survival 
rates and gross interstate migration rates. Births projected 
for each 5-year period for each State were then adjusted so 
that their sum over all States agreed with the total births in 
the'previou?!/ calculated national projections. 

The single set of survival rates employed were consistent 
nith the "high** mortality series developed for and used in the 
national projections. The survival rates were applied to the 
initial population of each period to arrive at projections of 
survivors. The implied deaths for States were then adjusted 
to agree with the total number of deaths in the United States 
for age groups (by sex) developed in the national projections. 
No allowance was made f" actual State differences in mortality 
since it was believed that they would have very little impact on 
the population projec 'ins. 

For the projections of net migration, out-migration was 
first computed for each future period using rates observed in 
the census of 1960 for the 1955-60 base period, as adjusted to 
allow for observed net migration for the period 1960-65. The 
rates for 1955-60 represented the number of out-migrants 
from each State as a percent of the population ofthe State in 
1955. (Accordingly, the projected rates were applied to the 
initial population of each 5-ycar projection period.) The pro- 
jections of out-migrants for all States in each 5-year period 
were summed to obtain a national "pool" of migrants, which 
was then allocated to the States as in- migration, using the 
percentage distribution of the absolute number of in-migrants 
among the States observed during the 1955-60 base period. 
Under Series I. the rates of out-migration from States and the 
State in-migration distribution were held constant over time. 
Under Series II, the rates of out-migration from States were 
assumed to converge toward the national average rate, and the 
State in-migration distribution was assumed to converge 
toward the population distribution of the States. Under these 
assumptions, in about 50 years, the number of persons migrat- 
ing from a State would be matched by an equal number moving 
into the State, resulting in zero net migration for each State. 

Other approaches involving the separate projection of in- 
ahd out-migration for projecting regional population are based 
on the development of a model of interregional migration or a 
national demographic model incorporating regional changes. 
The possibility of developing a model of internal migration for 
use in projecting population has been reviewed by H. Ter 
Heide. 70 He concluded that, although there has been sub- 
stantial progress in the development of a model which describes 
past migration, the problems of employing this model for pur- 
poses of population projections are almost insurmountable, if 
only because of the general lack of projections of the several 
independent variables on which the model depends. Ter Heide 
was concerned with models which incorporate economic, 
social, and psychological factor, On the other hand, Rogers 
has proceeded to develop "descriptive" models of interregional 



migration for use in projecting population; his models are less 
analytic and he has dealt so far only with the situation where 
the interregional migration rates are assumed tp remain 
constant. 71 

Methods Taking Account of Economic Variables. -It is 
generally believed that internal movements are significantly 
affected by differential economic opportunities and that any 
drastic changes in the economic advantages of one area over 
another will have substantial impact on the future sir of migra- 
tion streams and even on the direction of net movement. Some 
research is being directed toward these relationships. 71 A 
number of methods have been developed which employ 
economic variables directly in the context of a ratio, component, 
or correlation method, or a combination of these methods. 
These methods take account of economic prospects quantita- 
tively by basing the projections' of population on projections of 
employment, per capita income, production, land use, or other 
economic variables. We consider the methods in two groups, 
those methods involving correlation with economic indicators 
and other methods using economic analysis. 

Correlation with economic indicators. - Regression analysis 
may be employed to project the total population directly or to 
project the net migration component only (natural increase 
being projected separately in the latter procedure). An example 
of the use of this method is given by the projections of the 
population of States of the United States made at the Stanford 
Research Institute. 73 Projections of net migration for States 
were derived from a regression equation relating net migration 
and average per capita income. The fitted equation was as 
follows: 

K r = 38.94255 + .402863 X 

in which Y c stands for the net migration rate, 1950-60 (i.e., 
net migration for the decade as a percent ofthe 1950 popula- 
tion) and X stands for the percent change in per capita personal 
income for the decade expressed as a percent of the corre- 
sponding U.S. figure. Per capita income had been previously 
projected to 1970. and 1980 on the basis of the converging 
trend in per capita income observed in the 1950-60 decade. 
This procedure assumes that net migration for States is more 
closely correlated with per capita income than is total popula- 
tion change, that labo tends to move toward areas of higher 
per capita income, and that the systematic influence of income 
on migration flows will continue in the future. 

The basic regression shows that a unit change in the per 
capita income of a State (in percentage form) causes a change 
ofO 4 in the percentage of net migration of that particular State. 
This factor was applied to the change in per capita income from 
I960 to 1 970 to derive "unadjusted" estimates of net migration 
in the 1960-70 decade. The estimates were then adjusted on 
the !>asis ofthe fact that the sum of the unadjusted figures over 
all States was far in excess of the expected total interstate 
migration foi the United States computed separately. The 
adjustment procedure assumes different adjustment coefficients 



"H Ter Heide. "Munition Model* and Their Significance for Population 
Forecasts." Milbunk Memorial Fund Quarterly, 41(1) 56-76. Jan 1961 



Andrei Rogers. A Markov.an Policy Model of Interregional Migration." 
M^ZtJilZ"* / * s ' oc """ ,n POP'"- 17 205.22/, 1966. and idem. The 
Mull regional Matrix Growth Operator and the S:a0lc Intcrregion?! Age Struo 
ture. Demography, 1(2) 537-544. 1966 

n tra S Lowry. Migration and Metropolitan Growth Two Analytical Models 
San Francisco. Calif .Chandler Publishing Company. 1966 

"Pietro Baiestra and W Koteswara Rao. Basic Economic Projections 
United States Population, 1965-SO. Stanford Research Institute. Menlo Park. 
Calif . 1964. esp pp 17-44 
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for different groups of similar Mates. An illustration of these 
steps is given for two States: 



Arkansas Ohio 

(1) Migration rate, 1950-60 (percent) -22.5 + 5.7 

(2) Percent change in per capita income, 

1960-70 (independently projected).. + 7.2 - 2.4 

(3) Effect of income change = (2) x 0.4 +2.88 -.96 

(4) Unadjusted migration rate, 1960-70 

(percent) = (l) + (3) -19.6 +4.7 

(5) 1960 population (in thousands). 1,786.3 9,706.4 

(6) Unadjusted net migration. 1960-70 

(in thotisands)=(4)x(5) -350 +456 

(7) Adjusted migration rate, 1960-70 (per- 

cent) • -19.6 +2.9 

(8) Adjusted net migration, 1960-70 (in 

thousands)=(5) x (7) - 350 + 28 1 

* See source for explanation of adjustment in net migration 
rates. 



Other methods using economic analysis. -Other methods of 
projecting the population of geographic subdivisions using 
economic analysis may involve an intensive study of the eco- 
nomic prospects for each area. One approach involves st; -\rzi^ 
consideration of several main branches of the economy, pro- 
ceeding from national to local employment in these branches, 
then to total employment in the area, and finally to total popula- 
tion. The local projections of employment in various bl anches 
of the economy may be made as a proportion of the corre- 
sponding national projections. 

Anotlu r class of methods employs a limited type of compo- 
nent procedure which depends on prior projections of employ- 
ment or labor force, in the simpler application, the projections 
of employme it Or labor force, and then net migration, are made 
directly for the ;*c?*ilation of ail ages; in the nvie elaborate 
application, the projections of employment or la' ^r force, and 
then net migration, are made by age groups. The method se- 
quentially calculates employment or labor force, net migration 
of the labor force, neUmigration of the total population, and 
finally, the tc<M population, c mbining the net migration whh 
the expected populatior all' *ing for births and deaths. A 
specific example is pro 'id? d by the population projections 
made by the Oregon State g . mment for the State as a whole 
and its state economic areas h> jr and sex. I964. 7 * 

Although the method includes a number of adjustments to 
take care of special situations, the authors* "best judgement 
forecast** of net migration was derived basically as follows: 

1. The current population was projected by age and sex 
as a closed population, th«.t is, assuming zero net migration. 

2. Projected age-sex-speciflc labor force* participation 
rates were applied to *iese interim population "projections* 1 
to obtain the ftiture laba force on the assumption of no further 
net migration. 

3. An independent forecast of future employment by age 
was developed on the basis of a de*« ; 'ed analysis by industry 
classes. 

4. To the forecast in step (3) an allowance for unemploy- 
ment was added, to obtain an independent forecast of the 
ftiture labor force. 



"Oregon State Board of Census. Population Bulletin. Release No P 
"Population Forecast. State of Oregon and Economic Areas 1960-85, 
Richard B. Halley and Morton Paglin, Portland. Oreg.. April 1964. 
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5. The difference between the forecasts in step (4) and the 
projections in step (2) was taken to represent net in-migration 
or ri?t out-migration of workers, depending on which was 
larger. 

6. The net migration of the hous^ho'd population not in 
the labor force (including children aud retired persons) was 
estimated by ratio inflations of the results in stip {5), and 
special allowances were made for the net migration of such 
groups as the armed forces, college students, and inmates of 
institutions. 

The adeqt'Hcy of the method depends heavily on the ade- 
quacy of the projection of the total labor force, which is 
derived wholly by economic analysis. The method takes ac- 
count of the mortality and fertility of persons who have 
migrated into or out the area only indirectly. 

The more intensive procedures are difficult to apply since 
they require considerable data and involve the problem of 
demographic and economic interdependence. Careful study of 
the economy of an arca, involving measurement of the future 
requirements for workers and of the degree to which these 
future requirements can be filled by the available population, 
on the one h »nd, and by net in-migration, on the other, is 
needed. T iis analysis would require some prior assumption as 
to the amount of net in-migration and prior projections of the 
size of the expected population. Initial assumptions would then 
have to be modified on the basis of what the initial projections 
imply as to labor deficits or surpluses. Even if the simplest 
method involving economic analysis is employed, the calcula- 
tions become voluminous when age and sex detail is included 
and projections have to be prepared for a large number of 
areas. Under these circumstances, it becomes desirable or 
even necessary to carry out the work by electronic computer. 



EVALUATION OF PROjt. *5 
Design of Evaluation Studies 

As in the case of estimates, the evaluation of projections 
requires some standard by which to judge their quality. The 
possibilities of evaluating a set of projections are limited be- 
cause current estimates or censu* counts for many years 
subscqu * to the base date aie needed In the practical situa- 
tion, this would permit evaluation of projections only after a 
long period of time has elapsed; by this date the methodology in 
current use may have changed and, hence, would not be en- 
compassed by the evaluation. However, there is a broader 
issue. The concept of "accuracy" becomes icss meaningful 
where several series of projections are offered as reasonable 
possibilities and, particularly, where none is designated as a 
"forecast." In this case would we judge *he accuracy of the 
"medium" series, the one described as "most likelyi" each 
series individually, or some of them, recognizing that the 
projections were not offered as predictions? / 

When a particular projection has been designed as a forecast 
or prediction, it seems perfectly appropriate to measure *s 
accuracy by a subsequent comparison with a census count or 
current estimate. We also believe that those projections which 
fit our definition of incipaJ series (i e., which claim J in- 
corporate realistic assumptions and which are offered as 
reasonable possibilities of future population size) art also 
proger candidates for evaluation, especially the medium series 
in a set. One may reasonably compare each projection in a set 
of such projections with the population actually recorded to 
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indicate how it deviates from the current figure. Such compari- 
sons, expressed in terms of percent differences, have in fact, 
cften been made. 75 They are also of value in selecting a series 
of projections <*t later use. 

To achieve a limited evaluation of a set of projections, one 
may compare them with a revised set of projections made in 
subsequent years. Such a comparison suggests the probable 
direction of errors of the longer-term projections, as well as the 
actual error of the short-term figures which are compared with 
current estimates or revised short-term projections. 

Attention may profitably be focused on the accuracy of the 
projection of net change and its components (births, deaths, and 
net migration) rather than on the pooHation projection itself 
since these are the elements actually projected and since the 
analyst knew the initial population to begin with. The per- 
centage error of the projected ctamge will be very much larger 
than the percentage error in the projected papulation. Com- 
parison of the actual components of change with the projected 
figures is particularly valuable «tace it provides insight into the 
reasonableness of the various assumptions and shows how the 
overall population projections may have benefited from com- 
pensating errors. A supplementary approach is to consider the 
errors in projections by age, identifying separately, if possible, 
the age group born since the base date of the projections. This 
comparison will not only indicate differences in the relative 
accuracy of projections of age groups, but will also indirectly 
provide some insight into the relative contribution of births 
and the other components to the total en or. 

Keyfitz has suggested further that, since the analyst ordi- 
narily knows the current growth 'rate or other measures of 
curren change, such as age-specific birth rates and death 
rates, relative success shouid be measured by the degree to 
which the analyst anticipates the deviation from the change 
resulting from the current rates of growth. 79 By that criterion 
the percentage errors will tend to be even larger for a given 
series of projections. 

If the analyst's success in making projections for different 
dates and areas is being judged comparatively, an important 
standardizing factor is the length of the projection period. One 
would expect errors to be greater when the projection period 
is longer. The size of the area and its rate of growth would also 
be factors characterizing the area which might systematically 
affect the accuracy of the projections. 

A possible further basis for evaluating projections is in terms 
of the range from the highest to the lowest series in a set of 
principal projections. The width of the range from the highest to 
the lowest projections depends on the ogulanty of past demo- 
graphic trends, knowledge regarding past trends, ability to 
measure them accurately, and finally, the analyst's judgment 
of the likely course bf future change. The range is. in a sense, a 
reflection of the analyst's confidence in the medium series of 
projections. As the range widens, he is indicating that he 
has less and less confidence that the medium figures will 
correspond to the actual figures. This suggests that, if the office 
producing the projections has successfully designed the range 
for several sets of projections made ai different dates so as to 
reflect an equal, although unspecified, degree of confidence, the 



relative variation in the rarggjs suggestive of the differences in 
the relative accuracy of various sets of projections Certainly, 
from the user's point of view, given an assumption of equal 
probability from one set of projections to another that the 
"tine" figure wil* fall in the range stated, the narrower the 
range the more useful the figures. The range may be measured 
as the difference between the highest and the lowest projections 
for a given date as a percent of the mean of the highest and 
lowest populations. 

The real difficulty here is the assumption that one range 
covers the same confidence interval as another range. A few 
demographers have considered the problem of developing 
probabilistic measures of the accuracy of projections analogous 
to the sampling error of estimates derived from sample surveys. 
The issue has been examined most extensively by Muhsam and 
Sykes. 77 Muhsam believes that demographers should provide 
probability statements for each of their projections and that 
those who use forecasts should determine a quantitative loss 
function which would indicate the loss incurred when the fore- 
casts used err by stated amounts. 70 Sykes has developed a 
model in which the variances of predictions are determined on 
the basis .of the observed variability of vital rates. Thr model 
yields relatively high , .ediction variances for population 
projections, as confirmed by a numerical example with U.S. 
data. 

Nationaf Projections 

Several systematic Studies of the accuracy of national 
projections have been made but these do not usually distinguish 
the method of projectiQn, the components of error, or the length 
of the projection period. 7 ' The^ period-fertility variation of the 
component method, the method most widely used to project 
national population where vital statistics are available, has 
often been found to produce unsatisfactory results. Typically, 
the greatest source of error has been in the projections of births. 
Where several series have been projected, the range has 
usually been quite wide and yet lias occasionally failed to 
encompass the actual population. The prospects for improving 
the accuracy of national popujfttion forecasts are not great 
although they may have considerable value as analytic tools. 80 



I 



n For illustrations see references given in footnotes 79 and 83 
" Nathan Keyfitz. "La proveccidn v lu nredicoon en demoeraffd Un revision 
<fcl estado de eate arte" (Projection and prediction in demography A review of 
the state of the art). Conferencia Regional Latinoamencana de Poblaiton. 
1970. proceedings of a confei *ce sponsored by the Internationa) Union for the 
Scientific Study of Populatk i "J the Colegio de Mexico. Mexico C ity. Aug 
17-22. 1970 (in press) , 



n H V Muhsam. "The Utilization of Alternative Population Forecasts in 
Planning," Bulletin of the Research Councitof Israel. 5(2- j) 133-146, March* 
June 1956^ idem. "The Use of Cost Functions in Making Assumption*, for 
Population Forecasts." in United Nations. World Population Conferences 
1965 (Belgrade). Vol III. pp 23-26. and Z M Sykes. "Some .Stochastic 
Versions of the Matrix Mode! for Population Dynamics." Journal of the Amen- 
< an Statistical Assch latum. 64(325) 1 1 1-1 30. March, 1969 

" For example, the accuracy of projections for geographic subdivisions has 
been examined by Altouney in the general frame wo* of the sources of un- 
certainties in planning water-resources projects See Edward G Altouney. 
The Role of Uncertainties in the Economic Evaluation of Water-Resource 
Projens. Institute in Rngmeenng- Economic Systems. Stanford University* + 
Stanford, Calif . Report EEP-7. August I %3. 

n Joseph S Davis. The Population Upsurge in the United States, War Peace 
Pamphlets No 12. Food Research Insttture*. Stanford University. December 

1949, Harold F Dorn. "Pitfalls in Population Forecasts and Projections." 
Journal of the American Statistical™ ssociation. 45(251) 311-334. September ' 

1950, Henry S Shryock. Jr. "Accuracy of Population Projections for the 
United States.** kstadtstit a. 12(45) * 8 7- 598. December 1954. Robert J. Myers, 
"Compan'on of Population Projections with Actual Data." in United Nations* 
World Population Confereme. 1954 (Rome), pp 101-111. and ,C*zar A 
Pelaez. "The Degree of Success Achieved in the Population Projections for 
latin America Made since 1950 Sources of Error Data and Studies Needed 
in Order to Improve the Basis for Calculating Projections," in United Nations. 
World Population Conference. J 965 (Belgrade), pp. 27-33 John V Grauman, S 
"Success and Failure in Population Forecasts ot the 1950's A General Ap- 
praisal." in United Nations. World Population Conference. 1965 (Belgrade). 

pp 10-14 

■•John HajnaK "The Prospects for Population Forecasts." Journal of the 
A men an Sialism al Association. 50(270) 309-322, June 1955 
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The elaboration of the method has contributed at least to this 
function of projections. * 

The United Nations has systematically compared the projec- 
tions for the regions and countries of the v^orld published in 
1966 with those published in 1958." The differences for 
regions reflect recstimation of the present size of the popula- 
tion in each area and of current fertility and mortality levels, 
and a change in the assumptions used in the projections. The 
result of the new calculations for most of the world, in com- 
parison with the earlier ones, is an initial acceleration of popu- 
lation growth and a subsequent deceleration. Judging the earlier 



projections on the basis of the current estimates for 1960 and 
the revised projections, the earlier medium projections for 
1960 and 2000 were too low in some areas and Uo high in 
others by considerable percentages. The indicated percent 
"errors*" in the projections for major world regions for various 
dates are shown in table 24-2 U For example, the earlier 
tnedium projection for Africa in the year 2000 was 33 percent 
too low, and the medium projection for East Asia in 2000 was 
44 percent too high, according to the revised projections. 

The projections of U.S. population made during the 1930's 
and 1940's by the Scripps Foundation and the U.S. Bureau of 



Table 24-21 -Comparison of United Nations Medium Projections for Major World Regions Pub- 
lished in 1966 and Corresponding Projections Published in 1957 

[Percent? represent the deviation of projections published in 1957 from the current estimates or revised projections as a percent 

of the current estimates or revised projections] 



Country 


Pop u 1st 

(mil 


ion, I960 
lions) 


Percent difference 


1957 


1966 


1960 


1970 


1980 ' 


1990 


2000 




1 2,910 


2,998 


-2.9 


-3.1 


-2.5 


-0.9 


+2.4 




796 
827 
424 
215 
235 
197 
206 
16.3 


794 
865 
425 
214 

f 273 
199 
212 
15.7 


+0.3 
-4.4 
-0.2 
+0.5 
-13.9 
-1.0 
-2.8 
+3.8 


+6.2 
-8.5 
+0.7 
+3.3 
% -x9.7 
-0.9 
-6.4 
+3.7 


+15.7 
-10.4 
+3.3 
+6.8 
-25.8 

* -7.9 
-0.4 


+27.5 
-10.3 
+ 5.6 
+7.3 
--30. 2 
-7.5 
-8.4 
-4.8 


+44.0 
-7.2 
+7.6 
+7^4 
-32.7 
-11.9 
*7.2 
-8.2 



1 Rounded to nearest 10 million 



Source: Adapted from United Nations. W arid Population Prospects as Assessed m J963, Scnti A. Population Studies. No 41. 1966. tables 4 3 and 4.4 
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24-22. -Comparison of Projections of the Components of Population Change With the 
Corresponding Current Estimates, for the United States: 1966 to 1969 

[Population in thousands] 



Projection series 



Population and population change 

Currant eetimtes , 

Series A 

Series 8 

Sarlea C 

Series D 

Dlf f trance: J 
Amount: 

Series A 

Series B 

Series C... 

Series D 

Percent: 4 

Series A * 

Series B 

Series C 

Series D 



Population 



July I. 1969 



203,216 
205,311 
204,466 
203,635 
202,923 



♦2,095 
+1,250 
♦419 
-293 

+ 1.0 
♦ 0.6 
+ 0.2 
-0.1 



July 1. 1966 



1 196, 907 
? 196,842 
a 196,842 
a 196,842 
a 196,842 



-66 

-66 
-66 
-66 



(Z) 
(Z) 
U) 
(Z) 



Population change, 1966 »1969 



Ntj change 



6,309 
8,469 
7,624 
6,794 
6,082 



♦2,161 
*1,315 
+455 
-227 

+34.3 
+20.9 
+ 7.7 
-3.6 



10,676 
13,094 
12,229 
11,378 
10,649 



+2,419 
+1,553 
+703 
-26 

+22.7 
+14.5 
+6.6 
-0.2 



Deaths 



5,697 
5,825 
5,804 
5,785 
5,767 



♦127 
+107 
+87 
♦70 




IauBigracior 



1,331 
1,200 
1,200 
1,200 
1,200 



-131 
-131 
-131 
-131 

-9.8 
-9.8 
-9.8 
-9.8 



Z Less than 0.05 percent. 

1 Revised estimate. A 

* Provisional estimate used as base of projection 

* Minus tiin indicates that the estimate exceeds the protection 

* Estimate is the base of the percent. , 

m^^i^m^f^^'myM^ Sen " P ""' No UL " E " ,mw " of ,he Popu,it,on Un,ted 

•' United Naliqni, Worfi^opulaiion Prospects as Assessed m 1 963. pp 15-17 
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the Census proved to be consistently too low, primarily be- 
cause of understatement of future births. Although the range 
of the projections made during the 1950 s and 1960's still 
encompassed the actual figures after several years, the projec- 
tions were generally too low of too high, depending on whether 
the actufel trend of fertility was up or down at the time the 
projections were being prepared. 

A comparison of the U.S. projections for !S>69, based on 
current estimates for 1966, with current estimates for 1969 
illustrates the latter situation (table 24-22).* This comparison 
shows that the population increase in the 3-year period was 

Table 24-23. -Comparison of Projections of the Population 
Nader 5 Years Old and 5 Years Old and Over With ihe Cor- 
responding Current Estimates, fof the United States: July 1, 
1969 9 

(Population in thousands} 



Projection series tad 
M e (years) 



Under 5 y«*r»: 

Sertee A 

Sertee B 

S«rl«i C 

Serial D 

All ■*rie«, 5 years and 
orar 

5 to U 

15 to 24 

25 to 34 

35 to 44 

45 to 64 

65 years and over.... 



Projection 1 



20,367 
19,522 
18,691 
17,979 

184,944 
41,335 
35,118 
24,629 
23,^46 
41,325 
19,291 



Catrem 



.17,960 
17,960 
17,960 
17,960 

185,256 
41,345 
35,054 
24,680 
23,314 
41,393 
19,470 



Difference 5 



Amount Percent 



+2,407 
+1,562 
+731 
♦19 

-312 
-10 
+65 
-51 
-60 
-69 

-179 



♦13.4 
♦8.7 
♦4.1 
♦0.1 

-0.2 
(Z) 
♦0.2 
-0.2 
•0.3 
-0.2 
•0.9 



Z Less than 0.65 percent 

1 Projections from U S bureau qf tltc Census. Current Population Reports. 
Series P-25, No. 381. "Proiections of the Population of the United States, by 
Age. Sex. and CoHr to 1990. With Extensions of Population by Age and Sex 
to 2015." Dec. IS. 1967. . 

' Consistent with U S. Bureau of the Census. Current Population Reports. 
Series P-25. No 428. "Estimates of the Population of the United Stat** b Aee 
Race, and Sex. July I. 1969." Aug. 19. 1969 

* Minus sign indicates that the estimate is greater than the projection 

* Estimate is base of percent 

S* e U S Bureau of the Census. Current Population Reports, Senes P-25, 
No. 441. "Estimates of the Population of the United Stars, by Age Race, and 
Sex. July- 1. I%7 to July I. 1969." Mar. 19. 1970. table H 



overstated in Series A, B. and C by 34, 21. and 8 percent, 
respectively, and that the overstatement of births accounted 
principally for the errors in these series of projections. The 
overstatement of births was partly offset by an overstatement 
of deaths and an understatement of net immigration. The 
concentration of the error in the births is also reflected in the 
relatively large difference in the projections for children under 
5 in Series A, B, and C f as compared with those for the popula- 
tion &and*ver (table 24-23). 

Geographic Subdivisions 

Projections for states, provinces, localities, etc, are subject 
to much greater average error than those for whole countries 
(i.e., for a given length of projection period). The greater in- 
accuracy results partly from the added uncertainties of internal 
migration and partly from the fact that errors (or deviations in 
general) tend to vary inversely with (Population size. 

Siefcd's review in 1954 of the various U.S. tests of sub- 
national projections concluded that no one method uniformly 
gave the best results and that in many cases a simple mathe- 
matical method was as accurate as a component method using 
pge-specific rates.** The more elaborate methods, such as the 

hort-component methods, would still be preferred for their 
^ idly tic value, however. 

He concluded further that the "error" rate tends to vary 
directly with the rate of population growth and with the length 
of the projection period. After 20 years no method any longer 
provided accurate forecasts. The longer the projection period 
the greater the likelihood of uitforseen developments which can 
cause the actual population to fall outside the range projected. 
Similarly, pt Ration trends are less regular for small popular 
tions than large ones. Accordingly, projections for summational 
areas should be carried out for fewer years than projections for 
countries as a whole. These findings and the practical need for 
consistency with current estimates suggest the need for fre- 
quent revision of the projections for geographic areas. 



M U.S Bureau of the Census. Current Population Renorts. Series 
No 3SI. table B 



"Jacob S. Siege!. "Some Aspects ef the Methodolof y of Population Forecasts 
f jr ueofraphic Subdivisions of Countries.** in United Nations, World Population 
Coherence, I9S4 (Rome) See also Helen R. White, "Empirca! Study of the 
Accuracy cf Selected Methods of Projecting State Populations" Journal of the 
American Statistical Association. 49(267) :480-498. September !9$4; Jacob S. 
Siegel. "Forecasting the Population of Small Areas." Land Economics^lViU-Jl- 
87. February 1953; and Robert C Schmitt and Albert H. Crosetti/' Accuracy of 
UK Ratio Method for Forecasting City Population." Land Economics, 27(4):346- 
348. November 1951. 
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Editor i soto: Thii material is taken from U.S. Department of Commerce, Bureau 
of the Census, Illustrative Projections of World Populations to the 21st Century, 
Washington: Government Printing Office, 1979, pp. 13-15. 



PROJECTION METHODS 
Baa* Yaw Data 

The Projections in this report begin from s single estimate 
of s Populations'! sin and age distribution for e specific 
**aee year." The preferred base year in this report is 1076; 
a different base year was established only when date were 
InsufiWent for an eoosptabie single sstlmete of popuistion 
*iu end ege distribution for 1878. 

The base year for projections for eaeh of the more de- 
veloped regions end countries shown in this report is 1978. 
In the rase of these countries, either census dete were avail- ■> 
able for 1976 or an estimate for 1978 was made on the basis 
of census data for e recent year and on the availability of 
reliable statistics on births, deaths, and net migration. The 
base year '.or the "remainders'' of ices developed regions is 
afeo 1978, although the quality of thi available data and 
resulting estimates for mate areas is fowar than for the more 
developed areas. The United Nations medium variant projec- , 
tfons of ti* population by age and tax for 1978. with some 
adjustments where needed, served as the base year popula- 
tion for remeindars of regions. 

Baee years for the lest developed countries shown In this 
report wjry eocording to the yaer for wfiioh ths most reliable 
deje are available. Onfy for three of the less developed 
eountriee, namely Egypt, Nigeria, and Pakistan, is the base 
Iraarltm Base years for the other nine leas developed 
countries for which projections are shown in this report are: 
•angWatii, 1914; Brazil. 1970; People's Republic of China, 
India, 1971; Indonesia. 1971; Mexico, 1970; 



Philippines. 1970; South Korea, 1970; and Thailand, 1970. 
Population ertlmates for these countries ss of 1978 were 
rubsequently made based on pest trends in fertility, mor- 
tality, and net international migration. 

Base-year fertility and mortality rates. As pert of Its eon- 
tinuing program in' the collection and evaluation of inter- 
national demographic data, the Census Bureau had previously 
prepared estimates of base-year fertility levels for moat of the 
less developed countries in this report. These estimates con- 
sisted of e schedule of age-spedfic fertility rates end the 
corresponding total fertility rata for each country, which 
then served as the base-year fertility levels. For areas not 
specifically studied. U.N. fertility levels were used, except for 
Colombia, Turkey, end Iran, where new data indicated that 
the. actual 1978 fertility levels were significantly different 
from the projected U.N. lewis. 

Bate-year fertility levels for the more developed countries 
ware adapted from those used by the individual countries 
in making national projections, with some adjustment to 
bring them up to the base year of 1976. 

, Lewis of base yssr mortality were estimated from the 
seme sources as base-year fertility. 

Assumptions About the Future 

In order to project the future size end age distribution of 
populations udng the components method, assumptions 
must be made sbout the future course of each of the com- 
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portents of population growth. Thus, ont mutt specify 
whether f«rt«ity leve* will rift or fall, and to what extent; 
whether or not people will live longer on tha average; and, 
for projections of individual countries and regions, what 
will hatha amount of ntt migration. 

Tha Hlustretrve population projections prttantad hart 
art baaad on *he general assumption that thtra will be no 
major catastrophe*, widaipraad epidemics, or social, political, 
or economic upheavals in tha futura. Whiia no componant 
of demographic change pan ba predicted Exactly, demo- 
graphic htatory in recent dacadas has shown that changts In 
mortality and ntt intarnational migration are likely to havt 
laas impact than changas in fartiiity on tha tit* and com- 
position of future population. As a mult, tha larger tha 
proportion of a projected population born after the base 
data, tha more uncertainty there is in the projected 
' population. 

The population projections shown in this report ere 
"correct" in the sense that they accurately illustrate the 
population growth that would result from a given bese year 
population estimate subjected to varying levels of vital rates. 
Of course, population protections wifl be valid only to the 
extern that they are derived both from reliable estimates 
of base year populations and from aocurate assumptions 
*>out the future course of those demographic factors which 
affect population growth. Recent demographic "history in 
both mere and leaf developed countries has shown that very 
rapid changes in vital rates, espedeUy fertility, cen occur in 
time periods even shorter than the projaction period chosen 
in this report. 

Migration. In order to simplify the problem of making 
population projections for individual countries and regions, 
the assumption has been mede that there wilt be no migration 
from one country to enother between 1976 end the year 
2000. This assumption certainly introduces en element of 
error into any population projaction. However, it seems 
likely that net migration will be the least important factor 
influencing population growth, as international migration 
within large geographical areas has superseded earlier overseas 
migration between Europe and the-Americas. 1 1 In support of 
this contention, the data below show that the overall effect 
of net migration on population growth in Europe for the 
1950-70 period was negligible (a loss of only 4 percent), 
although considerable variation in the importance of net 
migration on population growth can be found in the com- 
ponent regions. 

With respect to individual countries, the assumption of*, 
no further migration cen adversely effect the quality of the 
population projection, especially where the rate of natural 
increase is very low. For exempt*; "although the level of net 
migration into the Unhed States has been between 300,000 * 
and 400,000 persons a year for the past several decades, 
substantial declines in fertility have increased the net mk 
gration component of population growth from 10 to 15 



Sat United Nettim, 'The World Population Situation in 1970," 
9 eenletion tmet et. Mo. 4g (New York: United Nations Department 
' 1 pi f conomie end Social Afftfrs, ST/SOA/Sariet A/49, 1971 ). 



ErtimctM of Ntt Migration in Europe: 1960 to 1970 



Rag ion 


Net migrants 
(thoueende) 


Ratio oi nee 

•mm « e»a^% nn e* 

Migration to 
nature 1 
inc reaae 

(percent ) 




-3,028 


-4 


Western Europe . . . 


+8,748 


+51 


Southern Europe.. 


-7,301 


-19 


Eastern Europe . . . 


-3,777 


-21 


Northern Europe. . 


-698 


-8 



l The regional assignment of countries differs 
froai that shown elsewhere in thie report. 



Source: United Natione Secretariat, "Inter- 
national Migration Trends, 1950*1970," The Popu- 
- let ion Debate: Dimensions and Perspectives, Papers 
ol the World Population Conference, Bucharest, 
1974, Vol. I (United Natione publication, Salee 
No. E/F/S.75.XIII.4), p. 247. 



percent in the 1960'i to 20 to 25 percent during the 
1970V* 

Fertility. The general conceptual framework which underlies 
the fertility assumptions mede in these projections is as 
follows: 

h The less developed countries will continue to mate 
moderate progress in social end economic develop- 
~ ment during the 1975-2000 period. , 

* 2* Fertility will decline as less developed countries pro- * 
gress in social and economic development. In the long 
run, the fertility level is expected to decline more or less 
continuously, though with some temporary plateaus. 

: 3. Almost ell countries, which do not already do so, will 
make family-planning services available to an appreci- 
able portion of the population during the 1976-2000 
period, end those countries with family-planning 
programs now in operetion will extend coverage, 
particularly ,n rural areas. 

4. Knowledge and methods of family limitation will be 
corne -better known and will ba more widely used 
among populations that wish to reduce fertility. Ex- 
pansion of family-limitation practices will expedite 
the process of fertility decline, and* in countries where 
rapid social end economic progress and strong desires 
for smeller families coincide, fertility decline will be 
very Tepid. 

Three projection series for fertility were made for each 
individual country or geographical aree. In setting the high, 



In the official Ceniut Bureeu medium projection of the popule* 
% tion of the United States, some 12 million more people s*e expected 
by the veer 2000 if e net migretion assumption H included in tha 
populetfon projection than if no migration is essumed. See U.S. 
Bureeu of the Census, Current Population fteperta, Series P-2S, 
No. 704, "Projections of the Population of the United States: 1977 to 
3050" (Washington, D C. U.S. Government Printing Office, 1977). 
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medium, and low Itvtli of fertility in tht yeer 2000, tomt 
Qtneral guidelines were followed: 

U The higher the level of fertility at the base date, the 
wider the range of assumed fertility levels in the year 

« ^2000. 

2. The greater the uncertainty about the current fertility 
levels and current trends, the greater the range of 
assumed fertility levels in the year 2000. 

The three fertility projection series in this report did not 
use any mathematical models of fertility change; instead, 
the assumptions were made on a judgmental basis by demo- 
graphers who have worked with the demographic and related 
socioeconomic data for the individual countries for a number 
of years. For the less developed countries for which indi- 
vidual projections were made, the demographers set the 
target fertility decline by taking into consideration the 
following factors: 

1. Current levels and recent trends in fertility; 

2. current levels and recent trends in social and economic 
development; 

3. current status and past performance of family planning 
and public health programs, 
government policy on population related matters; 
recent fertility trends in countries with similar cultural, 
social, and economic conditions and prospects; 
expressed "desired family siie" in the population; 

7. fertility assumptions made by international agencies, 
such as the United Nations and the World Bank. 

In setting the target fertility levels and projection paths, 
special consideration was given to fertility assumptions made 
in population projections prepared by national agencies and 
universities in the countries under consideration. The rationale 
was the belief that demographers in the individual countries 
may have a unique understanding of what are reasonable 
fertility levels to expect in the future for their own country. 
Such national projections for less developed countries were 
available and were considered in making assumptions for 
Braiil, Indonesia, Pakistan, the Philippines, South Korea, 
and Thailand. With respect to the more developed countries, 
almost every country has made its own official national 
projection; with slight modifications in some instances, these 
official projections were used in this report. 



After the fertility levels for the intermediate years were 
determined for each projection series, the age patterns of 
fertility were selected for the initial projection year and the 
year 2000. Age-specific fertility rates for the intervening 
years were then chosen to reflect the level of fertility for 
those years. 

ality. One mortality assumption was used for all three 
projection series, except for the People's Republic of China. 1 3 
Mortality estimates for the base year of the projections and 
for the projection period were estimated from a variety of 
spurces, including registered deaths by age and sex, often 
adjusted for underregistretion; survey or census data on 
dtaths by age and sex during the preceding year; or by 
enalyiing age distributions of the population at one or more 
points in time and applying accepted demographic tech- 
niques, e.g., stable population analysis or model life tables 
to generate an appropriate life table. In a few countries, such 
as Nigeria, where no reliable information is available, 
"guesstimates" as to the level of mortality and the appro- 
priate model life table pattern were made, with consideration 
given to estimates that had been previously made by other 
agencies and research centers. 

Projections of mortality from the base year were generally 
done in one of two weys: Either a target life expectancy at 
birth (and a corresponding life table) was chosen for the yeer 
2000 and life expectancies for the years between 1975 and 
2000 were graphically interpolated; or the pettern and 
degree of change in mortality from year to yeer was assumed 
with the eventual life expectancy in the yeer 2000 tesulting 
from the projection process. Whether target life expectancies 
were initially chosen or whether the trend was initially 
chosen, consideration was always given to the trends and 
levels shown in already existing national projections, and 
the mortality trends that have occurred in similar countries. 
Target Ijfe expectancies for the year 2000 were sometimes 
chosen to be the same as those already achieved in "leading" 
countries, or previously assumed in projections made by 
other agencies and organiiations. 



1 * Sines tht People's Republic of Chine it such t targe compontnt 
of (1) tht World, 12) lets devtloptd countries, and (3) A lit and 
Oroema, hie* end low mortality series diffar from tht medium tanas 
for thaaa thrae areas as wall. 
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Editor's eote: This material it taken from U.S. Department of Commerce, Bureau 
of the Census, Illustrative Projections of World Populations to the 21st Century, 
Washington: Government Printing Office, 1979, Apoendirt B, pp. 95-116. 

Sources of Boso-Yoor Data and 
Projection Assumptions 



FIGURE B-1. 

Total Fortuity Rates for the People's 
Republic of China: Estimated 1953 
TFR and Protected 1S63-2000 
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PEOPLE'S REPUBLIC OF CHINA 
BasaData 

Base data: January 1953 * 

Population. The population estimates and projections for 
the People's Republic of CMna were made by the staff of the 
Foreign Demographic Analysis Division, U.S. Bureau of the 
Census (1976). The base population data were derived from 
the June 30, 1953 census, and are based on a model age-sex 
distribution that was designed to reflect the probable demo- 
graphic history of China for the preceding three centuries. 

Fertility level. Based on a model reconstruction of the 
population of China, the crude birth rate was estimated to 
be 46 per 1,000 in 1963. This, level of the crude birth rate 
corresponds to an estimated total fertility rate of 6.1 children 
per woman. 

Mortality level. A crude death rate of 22.5 per 1,000 was 
estimated for China in 1963. Model life tables ware used 
to derive an expectation of lifa at birth of about 40 years 
for male^ and 43 years for females. 

Projection Aaaumptions 

Fertility. In ell series, the total fertility rate was estimated 
to have declined by the year 1975, with the most rapid annual 
declines occurring after 1969. The total fertility rate was 
assumed to have declined by 1975 to 6.2 in the high series, 
4.1 in the medium series, and to 3.1 in the low series. 
Further declines are projected to occur between 1975 and 
1666 by about 40 percent in each series resulting in a total 
fertility rate by 1966 of 3.1 in the high series, 2£ in the 
medium series, and 2.1 in the low series. These rates are 
then assumed to mnmn stable during the remainder of the 
projection period. 



Mortality. In ail serin, life e* K actancy at birth was assumed 
to have fluctuated erratically between 1963 and 1961 . In the 
high-projection series, life expectancy was assumed to have 
increased by ImI to 42 years for malts and 46 years for 
females. A steady i'se wes projected for the remainder of 
the projection period, reaching 80 and 64 years, respectively, 
for males and females by tha year 2000. In the medium-pro* 



42 



THE POPULATION SECTOR (BUREAU OF THE CENSUS) 



jection writ*, life expectancy at birth was auumad to have 
declined by 1961 for both mate and ftmaltt to 38 and 41 
years, respectively. Between 1961 and 2000. however, an 
increase of almost 75 percent has been projected which re- 
sults in en expectation of life at birth of 65 years for males 
end 69 years for females by the year 2000. In the low-series 
projection, life expactancy falls between 1953 and 1961 to 
34 and 37 years, respectively, for males and females. Life 
expectancy at birth then doubles by the year 2000 to 70 
years for males and 74 years for females. 

Migration. No international m gration was assumed to have 
occurred during the projection period. 

Major Sources 

Foreign..Demographic Analysis Division, U.S. Bureau of the 
Census. 1976. Population Estimates and Projections for the * 
People's Republic of China. Computer printouts, unpub- 
lished. " 



U.S.S.R. 
Bate Data. 

Base date: January 1, 1975 

Papulation. The' population estimates and projections for 
the U.S.S.R. were prepared by the staff of the Foreign 
Demographic Analysis Division. U.S. Bureau of the Census 
(1977). The base population data were derived from the 
agwax distribution of the January 15. 1970 census and 
were subsequently adjusted on the basis of the single year 
of ago distribution for the U.S.S.R. (U.S. Bureeu of the 
Census. 1973). Annual data on births, deaths, and net 
migration were used to advance the population to the base 
date (Central Statistical Administration). 

Fertility level. Age-specific fertility rates for 1975 were from 
official government sources (Central Statistical Administra- 
tion. 1976. No. 11. p. 86). The total fertility rate for 1975 
was estimated to be 2.4 children per woman. 

Mortality level. Life table values for 1975 were derived 
from 1973-74 estimates of mortality rates (Central Statistical 
Administration. 1975. No. 12. p. 84). Life expectancy at 
birth in 1975 was estimated to be 63.1 years for males and 
73 J years for females. 



Projection Assumptions 



Fertility. The total fertility rate of 2.4 in 1975 was assumed 
to have increased by the year 2000 to 2.7 in the high series, 
and to have decreased to 22 in the medium series end to 1 9 
'"*♦»• low series. 
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FIGURE B-2. 

Total Fertility Rates for U.S.S.R. 
Estimated 1957-75 and Projected 
1975-2000 
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Mortality. In all series, life expectancy is assumed to increase 
gradually during the projection period by 2.5 years, resulting 
in a life expectancy at birth in the year 2000 of 65.6 years 
for males and 76.3 years for females. 

Migration. No international migration was assumed to have 
occurred during the projection period. 

Major Sources 

Central Statistical Administration. Various dates. Vestnik 
Stetistiki. U.S.S. R. Council of Ministers. 

Foreign Demographic Analysis Division, U.S. Bureau of the 
Census. 1977. Estimates end Projections for the U.S&R. 
Computer printouts, unpublished. 

U.S. Bureau of the Census. 1973. Internetionel Population 
Reports. "Estimetes and Projections of the Population of 
the U.S.&R.. by Age and Sex, 1950 2000." Series P-91 
No. 23. 
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INDIA 
Base Data 

Base date: July 1, 1971 



PROJECTION ASSUMPTIONS 
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Population. The base population data were derived from the 
April 1, 1971 census adjusted for 2.7 percent net under* 
enumeration. The 1961 and 1971 population censuses were 
adjusted by a cohort analysis, accepting estimated levels of 
mortality and fertility during the intercensal period. Assump- 
tions wefe made concerning trends in the sex ratios for each 
cohort during the 10-year period, by age and sex, from the 
1971 Poet Enumeration Check (Registrar General and Census 
Commissioner, 1975, pp. 33-36). 

Fertility level. The total fertility rate for 1971 is a weighted 
average of 1969 urban and rural age-specific fertility rates 
derived from the Sample Registration System (Office of the 
Registrar General, 1972, pp. 7- and 32). The combined rates 
were inflated to achieve an estimated crude birth rate of 
39 per 1,000 for 1971. The estimated crude birth rate was 
bated on a reported All-India rate from the Sample Registra- 
tion System (Registrar General,' 1976, p. 2) and subsequently 
inflated by 5 percent (see Registrar General, 1974, p. 7, and 
Registrar General and Census Commissioner, 1974, p. TO). 

Mortality level. Empirical life tables for 1909 were derived 
from age-sex specific death rates from the Sample Registra- 
tion System (Office of the Registrar General, 1972, pp. 58- 
62 and 72-77). These rates were graphically smoothed 
*nd adjusted using as a guide data from the National Sample 
Survey (Cabinet Secretariat, no date, p. 16). Life expectancies 
at birth by sex for 1971 were derived by estimating probable 
improvements in the life expectancies since 1969 and by 
assuming that the age pattern of mortality was that implied 
by the Coale-Oemeny south region model life tables at 
equivalent levels of life expectancies (Coale and Oemeny, 
1966). 



Projection Assumptions 

Fertility. The total fertility rate of 5.7 in 1971 was estimated 
to have declined by about 7 percent to 5.3 in 1975 in all 
series, after considering the trend in crude birth rates from 
1971 to 1975 from the Sample Registration System (Regis- 
trar General, 1976, p. 2, and Cheri, 1977, p. 4). By the year 
2000, the rates were assumed to have declined to 4.5 in the 
high series, 3.5 in the medium series, and 3.0 in the low 
* series. In the medium seties, the fertility rate for the year 
2000 was assumed to approximate the "desired family 
size" (between 3 and 4 children) in India as shown by data 
from area and national surveys conducted around 1970 
(Rao and Mullick, 1974, pp. 326 and 342, and Nair, 1974, 
pp. ,345-355). The rate for the low series was assumed to be 
0.5 below the level of the medium series. Both the medium 
and the low series have approximately the same rates in the 
year 2000 as those for the period 1995-2000 in the United 
Nations medium and low variant projections, respectively 
(United Nations, 1975, p. 128TThe high series was projected 
to reflect a pessimistic view of the future direction of the 
% Indian family planning program that her prevailed since the 
March 1977 elections and the advent of the new government 
n India 
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FIGURF B-3. 

Total Fertility Rates for India- 
Estimated 1956-75 and Projected 
TFR 1975-2000 
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Mortality. In all series, life expectancy at birth was assumed 
to increase from 51.5 years to 62.7 years for males and from 
50.6 years to 64.5 years for females between 1975 and 2000. 
The life expectancies at birth for the year 2000 were esti- 
mated considering past trends in mortality, mortality in 
other countries of the region, United Nations projections, 
and expected improvements in the social, economic, and 
health sectors of the country. 

Migration. No international migration was assumed to have 
occurred during the projection period. 

Major Sources 

Cabinet Secretariat, no date. The National Sample Survey, 
Fourteenth Round, July 1958 - June 1959. Fertility and 
Mortality Rates in Rural India. Report No. 89. New Delhi. 

Chari,,R. B. 1977. "Vital Statistics Systems in India." Paper 
prepared for Conference on Vital Statistics in Asia, May 
9-13, Manila. 

Coale, Ansley J. and Paul Oemeny. 1966. Regional Model 
Life Tables and Stable Populations. Princeton University. 
Princeton. 

Nair, P. S. 1974. "Desired Family Site: Correlates and Reli- 
ability of Responses." Demography India. Vol. Ill, No. 2. 
New Delhi. 
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Office of the Registrar General. 1972. Meetures of Fertility 
•nd Mortality in India. SRS Analytical Sariat. No. 2. Naw 
Dalhi. 

Rao, Kamata Gopal, and Saroj Mullick. 1974. Studies in 
Family Planning: India. Abhinov Publications. Naw Dalhi. 

Pegistrar Ganaral. 1974. Aga and Ufa Tables (Ona Parcant 
Sample). Series 1 - India. Mitcallanaout Studies. Paper 2 
New Delhi. 



. 1978. Sampla Registration Bulletin. Vol X. 



No. I.New Delhi 

Registrar General and Census Commissioner. 1974. The 
Population of India. National Population Monograph in 
the CICRED Series. New Delhi. 



1975. Census of India 1971. General Popula- 
tion Tables. Series 1 - India. Part H A (i). New Delh;. 

United Nations. 1675. Selected World Demographic Indi- 
cators by Countries, 1960-2000. ESA/P/WP.55. New York. 



INDONESIA 
Ban Data 

Base date: July 1, 1971 

Population. The base population data were derived from the 
September 24, 1971 census adjusted for 3.8 percent net 
underenumeration. The 1961 and 1971 population censuses* 
were adjusted using a cohort analysis, by age and sex, ac- 
cepting estimated levels of mortality and fertility during the 
intercarpal period and assuming certain trends of the sex 
ratios in e«sh age cohort during the 10-year period. 

Fertility level. The total fertility rate for 1971 was estimated 
by considering final and preliminary fertility estimates from 
the 1973 Fertility-MoruMty Survey (University of Indonesia 
Demographic Institute, 1974-75 and 1976), estimates derived 
by the own-children method using data from the 1971 census 
(Indonesia Central Bureau of Statistics, 1976, table 1.1), 
preliminary data from Phase I of the 1976 Intercarpal Popu- 
lation Survey (East-West Population instituteri977), and 
" ^ P |i,,m,nir Y *wmI* from Phase III (World Fertility Survey) 
— of the 1976 IntercensaJ Population Survey for Java and 
Bell. An average of the 1965-70 rate from the 1973 survey 
end the 1967-70 rate estimated from the 1971 census own- 
' children data wet-assumed to apply to 1971. This level was 
supported by the preliminery data available from Phase III 
> or the 1976 Intercarpal Population Survey. 

The ege pattern of fertility for 1971 was accepted from 
the 1966-70 ag*epecific fertility rates from the 1973 
O ity-Mortality Survey. 

ERIC 



Mortality level. Empirical life tables for 1971 were derived 
by applying the census survival technique to 1961 and 1971 
census date (U.S. Bureau of the Census, 1975, pp. 9 and 10). 

Projection Assumptions 

Fertility. The total fertility rate of 5.7 in 1971 was assumed 
to have declined by 10 percent to 5.1 in 1976, considering 
preliminery results from Phase III of the 1976 Intercensal 
Populetion Survey and the change in the number of new 
acceptors in the femily-planning program between 1971 and 
1976. Therete of 5.1 in 1976 was assumed to have declined 
by the yeer 2000 to 4.0 in the high series, 3.5 in the medium 
series, end 2.5 in the low series. The high end medium levels 
were chosen after considering past trends in fertility and 
assumptions made by the East-West Populetion Institute 
(1977), the United Nations (1975), and the University of 
Indoiwie Demogrephic Institute (1973, p. 60) for their 
population projections. The low level was chosen to yield e 
crude birth rate in 2000 that is approximately 50 percent of 
the 1971 crude birth rate which represents the goal of the 
Indonesian National Family Planning Coordinating Board. 
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FIGURE B-4. 

Total Fertility Rates for Indonesia: 
Estimated 1960-76 and Projected 
1976-2000 
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Mortality. In all series, life expectancy at birth was assumed 
to increase from 40 years to 66 years for males and from 
43 years to 60 years for females between 1971 end 2001. 
After considering past trends in mortelity, mortelity trends 
in other countries of the region, and projections made b/ 
the United Netions (1975), the East-West Populetion Insti- 
tute (1977), and the University of Indonesia Demographic 

51 



T 



PROJECTION ASSUMPTIONS 



45 



Institute (1973, p. 68), the assumptions made by the Uni- 
versity of Indonesia for 2001 were accepted and subse- 
quently interpolated for the year 2000. 

Mffration. No international migration was cssumed to have 
occurred during the projection period. 

Major Sources 

East-West Population Institute. 1977. Personal communi- 
cation. 

Indonesia Central Bureau of Statistics. 1976. Estimates of 
Fertility and Mortality in Indonesia Based on the 1971 
Population Census, by Lee-Jay Cho, Sam Suharto, Geoffrey 
McNicoll, and S. G. Made Mamas. SP 76-L02. Jakarta. 

United Nations. 1975. Selected World Demographic indi- 
cators by Countries, 1950-2000. ESA/P/WP.65. New York. 

U.S. Bureau of the Census. 1975. Levels and Trends of Mor- 
tality in Indonesia, 1961 to 1971. International Research 
Document No. 2. Washington, D.C. 

University of Indonesia Demographic Institute. 1973. The 
Population of Indonesia. National Population Monograph 
in the CICRED Series. Jakarta. 

. 1974-75. Indonesian Fertility-Mortality Survey 
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1973, Preliminary Report (Various provinces). Jakarta. 

1975. Levels and Trends in Fertility and 

Childhood Mortality in Indonesia, by Peter F. McDonald, 
Mohammed Yasin, and Gavin W. Jones. Monograph Series 
No. I.Jakarta. 



BANGLADESH 
Bate Data 

Base date: July 1,1974 

Population. The base population data are from the final 
Merch 1, 1974 census figure, adjusted for the 6.4 percent 
net underenumeration found in the Post-Enumeration 
Check (Bangladesh and United Kingdom, 1977, p. 3) The 
total population figure was then projected forward to 
July 1, 1974, at a growth rate of 2.67 percent, and an 
appropriate age-sex distribution was derived from the ad- 
justed 1974 census (Bangladesh and United Kingdom, 1977, 
P. 3). 

Fertility level. Age-specific fertility rate* for 1973 are baaed 
on data from the 1974 Bangladesh Retrospective Survey of 
Fertility and Mortality (BRSFM) for births occurring 12 
months prior to the survey (Bangladesh and United Kingdom, 
1977, p. 4). The unadjusted age-specific fertility rates were 
then used as a guide in selecting a model fertility pattern 
*ather than using them directly to obtain the age-specific 
-fertility pattern. (Bangladesh and United Kingdom, 1977. 



pp. 160*163). The 1973 rate wes then projected to the 
base year date of 1974 (see following section on projection 
assumptions). 

Mortality level. A life table for the 5-year period preceding 
the 1974 census was derived based on the application of 
the Brass and Brass-Hill techniques to data on children ever 
bom, children surviving, orphanhood, and widowhood as 
reported in the 1974 BRSFM (Bangladesh and United 
Kingdom, 1977, pp. 88-92). The life-table values were 
assumed to apply to 1971, the midpoint of the 5-year period. 
The 1971 expectancies were then projected to the base-year 
date of 1974 (see following section on projection assump- 
tions). 

Projection Assumptions 

Fertility. The total fertility rate of 7.1 in 1973 was assumed to 
have declined to 7.0 for all series by 1975. A further decline 
was projected for the' year 2000 to $.0 in the high series, 
4.3 in the medium series, and 3.5 in the low series. The same 
range of projected rates was assumed for both Bangladesh 
and Pakistan. Since Bangladesh is currently at a lower devel- 
opmental stage than Pakistan, there is a tendency to assume a 
slower fertility decline in Bangladesh. However, because of 
the immense population pressure 1 and the emphasis on ster- 
ilization as a means of birth control in Bangladesh, it was 
assumed that fertility decline would occur at approximately 
the same pace for both countries. 

1 Btogtatofh has approximately 8 million more people then Paki- 
stan and lets than one-fifth the land area. 
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FIGURE B-5. 

Total Fertility Rates for Bangladesh: 
Estimated 1963-75 and Projected 
1975-2000 
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Mortality. In all series, life expectancy at birth was assumed 
to increase from 45.8 years to 53.5 years for males and from 
46.6 years to 54.5 years for females between 1971 and 2000. 
The life expectancies at birth for the year 2000 were esti- 
mated considering past trends in mortality, mortality trends 
in other countries of the region, United Nations mortality 
projections, and expected improvements in the social, eco- 
nomic, and health sectors of the country. The life expec- 
tancy of both sexes in 2000 is at tne same level as the United 
Nations medium variant of 54 years. 

Migration. No international migration was assumed to have 
occurred during the projection period. j. 

Major Sources 

Bangladesh, Census Commission and Ur,..ed Kingdom, 
Ministry of Overseas Development. 1977. Report on the 
1974 Bangladesh Retrospective Survey of Fertility and 
Mortality. London. 

United Nations. 1965. Population Bulletin of the United 
Nations, No. 7 - 1063: With Special Reference to Condi- 
tions and Trends of Fertility in the World. New York. 



PAKISTAN 
Base Data 

Base date: July 1, 1972 ^ 

Population. The base population data were derived from the 
final September 16, 1972 census figures (Census and Regi- 
stration Organization) and a July 1. 1972 population was 
estimated, assuming an annual growth rate of 3.0 percent. An 
age-sex distribution was then derived by applying the per- 
centage distribution of an interpolated 1972 United Nations 
medium-variant population. Although the reported age-sex 
distribution from the 1972 census was available, it was not 
used since it appeared to be unrealistic. 

Fertility level. Age-specific fertility rates for 1972 were based 
on 1974-75 rates from the Pakistan Fertility Survey which 
was conducted in 1975 (Population Planning Council of Paki- 
stan, 1976, table 3.7 and appendix tables 1.1, 1.3, and 2.2.1 
(a)). The rates were adjusted using the Brass technique which 
resulted in a total fertility rate of 6.93. These rates were 
graphically extrapolated back to 1972, the date of the bench- 
mack population. 

Mortality level. The mortality level was based on a life tabta 
constructed using data from the 1962 65 Population Growth 
Estimation (PGE) Experiment (Technical Sub-Committee 
for Planning Division, 1968). 

Projection Assumptions 

Fertility. The total fertility rate of 7.0 in 1972 was assumed 
O jve declined to 6.9 by 1975. By the year 2000, the rates 

ML 



were assumed to have declined to 5.0 in the high series, 
4.3 in the medium series, and 3.5 in the low series. In the 
medium series, the fertility rate for the year 2000 is approxi- 
mately at the level of the United Nations medium variant 
The low-series projection for the year 2000 is the same as the 
India medium-series projection. The high series projected 
rate of 5.0 for the year 2000 was chosen so that the medium 
series projected rates would be equidistant between the high 
and low series. 
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FIGURE B-6. 

Total Fertility Rates for Pakistan: 
Estimated 1960-75 and Projected 
1975*2000 
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Mortality. In all series, life expectancy, at birth was assumed 
to increase from 47.8 years to 82.5 years for males and from 
45.1 years t 0 64.3 years for females between 1964 and 2000. 
The life expectancies at birth for the year 2000 were esti- 
mated considering mortality trends in other countries of the 
region, United Nations mortality projections, and expected 
improvements in the social, economic, and health sectors of 
the country. The life expectancy of both sexes in 2000 is 
approximately at^the same level as the United Nations 
medium variant, 63.0 years. 

Migration. No international migration was assumed to have 
occurred during the projection period. 



Major Sources 

Census and Registration Organization. 1977. Unpublished 
computer printouts. 
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Population Planning Council of Pakistan. 1976. Pakistan 
Fertility Survey, World Fertility Survey, first Report. 
Lahore. 

Technical Sub-Committee for Planning Division. 1968. "Pop- 
ulation Projections for Pakistan." Karachi. 



PHILIPPINES 
Base Data 

Base date: July 1, 1970 

Population. The base population data were derived from 
the May 6, 1970 census adjusted for an estimated 1.9 per- 
cent net underenumeration, and projected to the midyea- by 
considering estimated levels of fertility, mortality and 
migration, and the 1960-70 and 1970-75 intercensal growth 
rates. The 1970 census was adjusted by distributing the total 
population figures by age and sex based on a 5i>ercent 
sample of census returns (Bureau of Census and Statistics, 
1972). The resulting age-sex distribution was smoothed for 
age misreporting and the population under 10 years of age 
was estimated based on assumed birth Yates and survival 
1 ratios for the 10 years preceding the census. 

fertility level. The age-specific fertility rates for the 1968- 
72 period are from the 1973 National Demographic Survey 
(Conception, 1974, table 1) and were accepted as accurately 
representing the level and pattern of fertility in 1970. 

Mortality level. The 1970 male and female life tables used 
were those estimated by Engracia (1974, table 1). 



2000 was based on a graphical extrapolation of the average 
1995-2000 period rates from the high and low series. Total 
fertility rates for the intermediate years were obtained by 
graphical interpolation between the 1975 and 2000 levels. 



FIGURE B-7. 

Total Fertility Rates for the 
Philippines: Estimated 1960-70 
tfr and Projected 1970*2000 
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Projection Assumptions 

Fertility. The total fertility rate of 5.9 in 1970 was assumed 
to h*ve declined by the year 1975 to 5.4 in the high series, 
5.1 in the medium series, and 4.8 in the low series. In the 
high series, the rate for the year 1 975 was based on the aver- 
age of the 1970-75 and 1975-80 period rates from the Na- 
tional Census and Statistics Office (1974a; table 8) medium- 
projection series. In the medium series, the rate for the year 
1975 was based on a rate necessary to be consistent with the 
1975 preliminary census figure (inflated for 1.9 percent 
underenumeration), given assumed trends immortality and 
migration between 197C and 1975. In the low series, the 
rate for 1975 was based on an extrapolation of the average 
annual trend found in the Philippine Area Fertility Study 
between 1968 and 1974 (Flieger, 1977). The total fertility 
rates for 1975 were assumed to have declined further by the 
year 2000 to 3.8 in the high series, 3.2 in the medium series, 
and 2.5 in the low series. In the high and low series, the rates 
for the year 2000 were based on -an extrapolation of the 
1995-2000 period rates from the University of the Philippines 
Population Institute medium II and low II series, respectively 
loulier, 1977). In the medium series, the rate for thryear 



Mortality. In all series, life expectancy at birth was assumed 
to increase from 55.2 years to 66.0 years for males and from 
60.9 years to 72.8 years for females between 1970 and 2000. 
The life expectancies at birth for the year 2000 were esti* 
mated by extrapolating the 1970 level for both sexes accord- 
ing to the University of the Philippines Population Institute 
assumption of an average annual increase of approximately 
0.4 years (Boulier, 1977). The resulting life expectancy at 
birth for both sexes in 2000 was split by the 1970 ratio of 
male and female life expectancies to the 1970 life expec- 
tancy for both sexes. 

Migration. Estimated net international migration for the 
1970-75 period was based primarily on data cn immigrants 
to the United States and Canada (U.S. Immigration and 
Naturalization Service, 1971 and 1972, table 9; and Canada, 
Manpower and Immigration, 1970, table 9). It was assumed 
that the small amount of immigration to the Philippines, as 
exhibited by lifetime migration between 1965 and 1970 
(National Census and Statistical Office, 1974b, table IV-11), 
was offset by Philippine emigration to other countries. 

No international migration was assumed to have occurred 
during the 1976 2000 projection period. 
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Major Sources 

Soulier, Bryan L. (Princeton University;. d77. Personal 
communication. 

Bureau of Census end Statistics. 1972. Netionei Summery, 
Philippine! WO Censui of Population end Housing Ad- 
vance Report Manila. 

Canada, k'inr *r end Immigration. 1970. 1970 Immigra- 
tion Statistic Ottawa. 

Conception, Mercede^8. 1974. Changes in Period Fertility 
ai Gleaned from the 1973 NDS. Population Institute, Uni- 
versity of the Philippine* Research Note No. 13. Manila. 

Engracia. LuisaT. 1974. Estimates of the Life Table Func- 
tions of the Philippines: 1970. UNFPA-NCSO Populatic i 
Reseeroh Project. Monograph No. 1. Menile. . 

Flieger, Wilhelm. (University of San Carlos, Philippines). 
1977. Personal communication. 

National Get jus end St/* sties Office. 1974a. Age and Sex 
Population Projecvjon* ~>r th* Philippines by Province: 
1970-2000. UNFPA-NCSO Populetion Research Project. 
Monograph No. 2. Manila. 

1974b. Philippines 1970 Census of Population 



end Housing. National Summary. Vol. 2. Manila. 

U.S. Immigration and Naturalization Service. 1971. 1970 
Annuel Report Washington, D.C. 

1972. 1971 Annuel Report. Washington, D.C. 
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THAILAND 
Base Data 

Base date: July 1, 1970 * 

Population. The base population data were derived from me 
April 1, 1970 census adjusted for 6.6 percent net under- 
enumeretion es estimated by a cohort analysis of the 1960 
and 1970 censuses end accepting intercensal trends in fer- 
tility end mortality. 

Fertility level. Age-specific fertility rates for 1970 were de- 
rived from en average of the 1968-69 and 1971-72 period 
age-specific marital fertility rates, by urban and rural areas 
reported in the Thai Longitudinal Study (Knodel and 
Pitakteptombati, 1975, table 10), and weM weighted to e na- 
tional level by trie proportion of females ' each age group 
who were married and*living in urban and rural areas accord- 
ing to the 1970 census (Netiorel Statistical Office, 1973, 
table 5). The resulting pattern of fertility for 1970 mw, ad- 
justed sUghxiy for irregularities. 

Mortality level. Life tables • *e constructed for 197 > based 
on levels of life expectancy »t birth by sex end were esti- 
•d by a graphic stable populetion technique end age- 



sex patterns of mortality based on observed changes in mor 
telity petterns between 1964-65 and 1974-75 as shown in 
life cables from the Survey of Population Change (National 
Statistical Office, no dete, table 7, and 1976b, table 6), 
edjus^d by the logit tecMique (Bras* and Coale, 1968, pp. 
127-135). 

Projections Assumptions 

Fertility. The total fertility rate of 5.9 in 1970 was assumed 
to have declined by the year 1976 to 5.1 in the high series, 
4.9 in the medium series, and 4.7 in the low series. In the 
high series, the 4976 rete was based on the assumption that 
the rate of decline between 1975 and 1976 would be 75 
percent of the average annual rate of decline exhibited by the 
1970 estimated rate end trie 1974-75 rate reported in .the 
Survey of Populetion Change (National Statistical Office, 
1976b, table 4). In the low series, the rate for 1976 was 
derived by taking into consideration the average' o* the 
1970-75 and 1 £75-80 period total fertility rates (derived from 
reported general fertility rates) from the National Statistical 
Office (1976a, table 1), and results from the Survey of 
Fertility in Thdilpnd (Institute of Population Studies, Chula- 
longkorn University, and Natibnal Statistical Office, 1977, 
table 22). In the medium series, the rate for 1976 assumed en 
acceleration of the. decline in the tes between 1964-65 
(National Statistical Office, no date, table H) and 1970, 
taking into consideration the average of the high and low 
series for 1975. 



FIGURE B-8. 

Total Fertility Ratea for Thailand: 
Eatlmatcd 1960-70 and Projected 
TFR 1970-2000 
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The rates for 1976 were assumed to have declined further 
by the year 2000 to 3.9 in the high series, 3.T in the medium 
series, and 2.4 in the low series. In the high series, the rate 
for, the year 2000 was based pn the assumption that the 
1974-75 rate reported in the Survey of Population Change 
(National Statistical Office, 1976b, table 4) would decline by 
25 percent The rate for die year 2000 in the medium series 
was based on an average of the 1995-2000 and 2000-05 
period total fertility rates (derived from reported general 
fertility rates) from the National Statistical Office (1976a, 
table 1) medium- and low-projection series. The rate for the 
year 2000 in the low series was based the average of the 
1995-2000 and 2000-05 period rates (derived from reported 
general fertility rates) from the National Statistical Office 
(1976a, table 1) low projection series. 

Mortality. In all s **e expectancy at «iftn was assumed 
to increase froir. , „ $ to 57.3 years tor male* and from 
59.5 years to 60.7 years for females between 1970 and 1976 
based on estimated trends between the 1970 and 1974-75 
life expectancies at birth, by sex. In all series, life expectancy 
at^ birth was assumed to increase from the 1976 levels to 65.2 
years for males and to 69.0 years for females by 2000. The 
life expectancies at birth for tf,e y*ar % 2000 were estimated 
by extrapolating the 1975 estimated level for both sexes by 
the National Statistical Office (1976a, p. 2) assuming an 
average annual increase of 0.33 years. The resulting levels 
were then estimated by sex based on the 1974-75 life ex- 
pectancies by sex. 

Migration. No international migration was assumed to have 
occurred duriftg the projection period. 

Major Sources 

Brass, William, and AnsJey J. Coale. 1968. Chapter III in 
William Brass, et al, The Demography of Tropical Africa. 
Prince ion. 

In-t ru 9 of Population Studies, Chulalongkorn University, 
and National Statistical Office. 1977. The Survey of Fer- 
tility in Thailand: Country Report Vol. I. Bangkok. 

Knodel, John, and Pichit Pitaktepsombati. 1975. "Fertility 
and Family Planningin Thailand: Results from Two Rounds 
of o National Study " Studies in Family Planning. Vol. 6. 
No. 11. 

National Statistical Office. Nj date. Report of the Survey of 
Population Change, 1964-65. Bangkok. 

. 1973. 1970 Population and Housing Census. 



Whole Kingdom. Bangkok. 

— 1976a. Population Projection for Thailand, 

1970-2000 (Whole Kingdom). Bangkok. 

1976b. The Survey of Population Change: 

q 1974-75. (Thai Version). Bangkok. 
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SOUTH KOREA 
Base Data 

Base date: July 1, 1970 

Population. The base population data were from the Octo- 
ber 1, 1970 census adjusted for 5.1 percent net underenum- 
eration, and estimated at the midyear. The census was ad- 
justed based on the results of the 1970 Post-Enumeration 
Survey, estimated sex ratios, and estimated births from 
1960 to 1970. 

Fertility level. Age-specific fertlMty rates for 1970 were based 
on the results of the 1971 Fertility-Abortion Survey (Korean 
Institute for Family Plannim, 1976, Appendix A). 

Mortality level. Life tables were constructed for 1970 based 
on estimates of expectation of life at birth and the mortality 
pattern in the 1966 life tables. These 1966 life tables were 
derived from data from the 1966 Special Demographic Sur- 
vey (Republic of Korea Economic Planning Board. 1970). 
The estimates of life expectancy for 1970 were derived by , 
graphic extrapolation of life expectancies from the adjusted 
1966 life tables, taking into account estimates of life expec- 
tancy for both sexes for 1970. 

Projection Assumptions 

Fertility. The total fertility rate of 4.5 in 1970 declined to 
,4.4 in 1972, and w*s assumed to have declined by 1976 to » 
3.8 in the high seri*», 3.6 in the medium series, and 3.2 in 
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FIGURE £-9. 

Total Fertility Rates for South Korea: 
Estimated 1960-72 and Projected 
1972-2000 


























V/ 


































High 


Radium 

iHHIl/llNNI 






Low 




mJmmm 










[ 


1 


1 


L 


1 . 





1950 1960 1970 1980 1990 2000 
Year 



56- 



50 



THE POPULATION SECTOR (BUREAU OF THg CENSUS) 



the low series, in the medium series the fertility rite for 
1976 was Dised on the assumption that the average annual 
decline in fertility between 1972 and 1976 was the same as 
the decline obrnted between 1960 and 1966 (Korean In- 
stitute for Fam* » Planning, 1976, Appendix A), a time of 
rapidly declining fertility. The change during the 1960-66 
period wa> chosen because there was some indication that 
fertility began to decline rather rapidly after 1972. The 
1976 rate for the high series was assumed to be 5 percent 
higher than the rate for the medium series and the rate for 
the low series was assumed to- be 10 percent lower than the 
rate for the medium series. 

It was assumed that the 1976 rates would decline by the 
year 2000 to 3.1 in the high series, 2.5 in the medium series, 
and 2.1 in the low series. The high and medium levels were 
chosen after considering past trends in fertility, and assump- 
tions made by *ie East-West Population Institute (1977) 
and the United Nations (1975) for their population pro- 
jections. The fertility rate for the low series was based on the 
assumption that a net reproduction rate of 1.00 would be 
reached in the year 2000. 

Mortality. In all series, lite expectancy at birth was assumed 
to increase from 62 years to 70 years for males and from 68 
years to 74 years for females between 1970 and 2000. The 
life expectancies at 6irth for the year 2000 were estimated 
considering past trends in mortality, and projections made by 
the United Nations (1975) and by the East-West Population 
Institute (1977 }. 

Migration. Estimated net international migration for the 
1970-75 period was based primarily on data on immigrants 
to the United States and Canada from the Republic of Korea 
between 1970 and 1975-4U.S. Immigration and Naturaliza- 
tion Service, various years, and Canada, Manpower and Immi- 
gration, various years). 

No internation migration was assumed te? have occurred 
during the projection period. 



Major Sources 

Canada, Manpower and Immigration. Various years. Immigra- 
tion Statistics. Ottawa. 

East-West Population Institute. 1977. Personal communica- 
te 

Korean Institute for Family Planning. 1975. The Increasing 
Utilization of Induced Abortion in Korea, by Song-Bong 
Hong and Walter B. Watson. Seoul. 

Republic of Korea Economic Planning Board. 1970. A Com- 
prehensive Study on 1966 Population Census. „ Seoul. 

United Nations. 1975. Selected World Demographic Indica- 
tors by Countries, 1950-2000. ESA/P/WP.55. New York. 
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U.S. Immigration and Naturalization Service. Various years. 
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EGYPT 
Bate Data 

Base Date: July 1, 1975 

IS 

Population. The base population data were derived from the 
preliminary count of the November 1976 census, and were 
estimated for July"H, 1975, based on registered births and 
deaths, adjusted for undcrregistration (see below). Since only 
a preliminary 1976 census total was available; no attempt 
was made to adjust for coveragfcerror. Because no age distri- 
bution from the 1976 census wasyavailable, the aye distribu- 
tion for 1975 from the United Nations medium variant 
projections was accepted (United Nations, 1976) as the base- 
year age distribution. 

Fertility level. Age-specific fertility rates for 1975 were based 
on the registered number of births for 1975, adjusted for a 2* 
percent underregistration, and an estimate of the female 
population by age. Underregistration of births was estimated 
considering the level of underregistration during the period 
1956-60 as estimated by Valaoras (1972, p. 22) and the trend 
of improvement in registration as estimated by Acsadi and 
Issa (19/., p. 23). The age pattern of fertility was assumed 
to be thbt of 1973, the last year for which data on births by 
age of mother are available. 

Mortality level. A life table was constructed for 1975 based 
on preliminary data on registered deaths for that year, ad- 
justed for 4-percent underregistration. Underregistration of 
deaths was estimated considering the levels and trends of 
registration completeness as estimated by Valaoras (1972, 
p. 22) and by Acsadi and Issa (1975, p. 23). The Coale- 
Demeny north region model life table (Coale and Oemeny, 
1966) was found which, when applied to the 1975 estimated 
age distribution, gave the correct number of deaths for ages 
1 and over. An infant mortality rate was calculated from 
an estimate ot the number of infant deaths and adjusted reg- 
istered births. 

Projection Assumptions 

Fertility. The total fertility rate of 5.8 in 1975 was assumed 
to have declined by the year 2000 to 4.6 in the high series, 
3.6 in the medium series, and 2.6 in trie iow series. In the 
medium series, the rate for the year 2000 was based on the 
ideal family size in Alexandria in the mid-1960's and in 
Cairo in 1970 (Toppozada, 1973, p. 316, and Khaiifa, 1973, 
p. 431) adjusted downward 10 percent to allow for infer- 
tility end for an expected decline in the desired family size 
as the actual level of fertility declines. The 3.6 figure is also 
the same as that for 1995-2000 in the United Nations 
medium-variant projections (United Nations, 1975). The rate 
for the year 2000 in the high and low series was assumed 
to be t one child from that for the medium series. A large 
range between the high and low series was chosen because of 
the great uncertainty in future fertility trends in Egypt. The 
large fertility decline that had been taking place in Egypt 
since the mid-1960's ended abruptly in 1972, and since then 
fertility has been rising sharply. Although all three series 
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assume this fertility rise will *bate, they differ by how rapidly 
it is e*umed fertility yvill return to the 1972 levels. 



TFR 



FIGURE B-10. 

Total Fertility Rates for Egypt; 
Estimated 1966-75 and Projected 
1975-2000 . 
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^Mortality. In alt series, life expectancy at birth was assumed 
td increase from 53ffyears to 62.5 years for males end from 
54.9 years to 65.0 years for females between 1975 and 2000. 
The life expectancies at birth for the year 2000 were esti- 
mated considering past trends in mortality, mortality trends 
in other countries of the region. United Nations projections, 
and expected improvements in the social /economic, and 
health sectors of the country. 

Migration. No international migration was assumed to have 
occurred during the projection period. 

Major Sources, 

Acsadi, G. and M.^. Issa. 1975. Considerations on Arabic 
Model Life Tables and Egyptian Mortality. Cairo Demo* 
graphic Centre Seminar on Mortality Trends and Differ- 
entia^ in Some Arab and African Countries. Cairo. 

Coale, Ansley J. and Paul Demeny. 1966. Regional Model 
Life Tables and Stable Populations. Princeton University 
Presi, Princeton. 

Khalifa, Atef M. 1973. "A Proposed Explanation of the Fer- 
tility Gap Differentials by Socioeconomic Status and Mod- 
ernity: The Case of Egypt" Population Studies. Vol. 27, 
O lo. 3. London. 
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Toppozada, H.K. 1973. "Research in Family Planning in 
Alexandria." In Egypt: Population Problems and Prospects, 
edited by Abdel R. Omran. Carolina Population Center, 
University of North Carolina at Chapel Hill. 

United Nations. 1975. Seltcttd World .Demographic Indica- 
tors by Countries, 1950-2000. ESA/P/WP.55. New York. 

1976. Pot tion by Srt and Age for Regions 



and Countries, 195^0 As Assessed in 1973: Medium 
Variant ESA/P/VYP.60. New York. 

Valeoras, V.G. 1972. Population Analysis of Egypt (1935- 
70). Occasional Paper No. 1. Cairo Demographic Centre. 
Cairo. 



58 



NIGERIA 
Base Data 

Base date: July 1,1975 

Population. The base population data are from the United 
Nations medium-variant projections of the population by age 
and sex for 1975 United Nations, 1976b). The United 
Nitwns states that the total population estimate for 1975 
is "based on results of the census of 5-8 November, 1973, 
including adjustment for estimated overenumeration" 
(United Nations, 1976a, table 3, note 31). The implied 
net overenumeration can be calculated as approximately 
19 percent. 

Fertility level. The total fertiMty rate for 1975 is an average 
of the 1970-75 and 1975-80 period rates from the United 
Nations medium -variant projections (United Nations, 1975, 
p. 55). Tne age pattern of fertility for 1975 was taken .rom 
the United. Nations model age pattern of fertility for the 
African region at an equivalent fertility level (United Nations, 
1977b, pp. 7-11 and United Nations, 1976). 

Mortality level. The life expectancy by sex in 1975 is an 
average of the 1970-75 and 1975-80 United Nations medium- 
projection serier (United Nations, 1975). Coale-Demeny 
south region model life tables (Coale and Demeny, 1966) 
at an equivalent level of life expectancy, by sex, were used 
to obtain the pattern of mortality. 

Projection Assumptions 

Fertility. The total fertility rate of 6.7 in 1975 was assumed 
to decline by the year 2000 to 6.4 in the high series, 5.9 in 
the medium series, and 5.0 in the low series. The trends in 
the fertility rates between 1975 and 2000 are approximately 
those implied by trends in the total fertility rate between 
the 1970*75 and 1995-2000 periods in the United Nations 
high, medium, and low projections series, respectively 
(United Nations, 1975). 
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FIGURE B-11. 

Total Fortuity Rates for Nlgorl* 
Estimated 1960-78 and Projected 

TFR 1975-2000 
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Mortality. In all series, life expectancy at birth was assumed 
to increase from 41 yeers to 53 years for males and from 44 
years to 5? years for females between 1375 end 2000. The 
life expectancies in ell series ere those assumed by the United 
Netions in the medium-variant projection {United Nations, 
1975). 

Migration. No international migretion was assumed to have 
occurred during the projection period. 

Major Sources 

Coale, Ansley J. end Paul Demwiy. 1966. Regional Model 
Ufe Tables and Stable Populations. Princeton University 
Press, Princeton. 

Jnited Nations. 1975. Selected World Demographic Indica- 
tors by Countries, 196O-2CJ0. ESA/P/WP.56. New York. 

1976. Paper containing model age patterns of 



fertility (age-specific fertility rates) for given levels of 
groft reproduction retes by regions of the world. Computer 
printouts, unpublished. 



United Netions. 1976a. Demographic Yearbook 



1976. New York. 
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1976b. Population by Sen and Age for Regions 

d Countries, 1960-2000, as Aseessed in 1973: Medium 
riant ESA/P/WP.60 *• w York. 



,. I977e. United Netions Projections es Assessed 
in 1973. Selected Indicators. (Revised) Computer printout, 
unpublished. 

1977b. Wor(d Population as Assessed in 1973. 

Populetion Studies, No. 60. New York. 
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BRAZIL 
Bate Data 

Base dete: July 1,1970 

Population. The July 1, 1970 population is derived from the 
September 1, 1970 census populetion (Brazil Departmento 
de Censos, 1973, table 1). The 1970 census population wes 
adjusted by a cohort enelysis of the 1950, 1960, end 1970 
censuses, by age and sex, and by assuming certain trends of 
the sex retios in eech age cohort during the intercensei per- 
iods. The 1970 adjusted census population was estimeted for 
July 1, 1970 using en estimated growth rate for 1970, baeed 
oh preliminary estimates of crude birth end d*ath retes and 
essuming no net migretion* 

Fertility level. Age-specific fertility rates for 1970 were 
derived by applying Arriege and Anderson's fertility estt* 
metion method (Arriege end Anderson, 1976) to children 
ever born dete from the 194G, 1950, and 1960 censuses ad- 
justed by Carmen Arretx (1975, table 5), end children ever 
born data from the final results of the 1970 census (Brazil 
Departamento de Censos, 1 973, tables 28 and 3 1 ) . 

Mortality level. Life expectancies at birth for 1970 were esti- 
mated to be 59.2 years for males end 62.8 years for females 
using Irwin end Medeire's intercensal life tables for the 1960 
to 1970 period (1972, p. 709) en4 past trends in life ex- 
pectancies et birth (Arriege, 1968, p. 42). The 1970 age 
patterns of mortelity were constructed essuming thet the 
pattern of change in the age-specific mortelity probabilities 
between the Irwin end Medelre 1960 to 1970 intercensal 
life tebles and the 1970 estimated life expectancies were the 
same as those implied by the Coale-Demeny south region 
model life tebles (Coale and Demeny, .966) et similar levels 
of mortality. 

Projection Assumptions 

Fertility. The totel fertility rate of 5.8 in 1970 was assumed 
to heve declined by the yeer 20CJ to 5.6 in the high series, 
4.0 in the medium series, end 3.5 in the low series. The 
retes in 2000 for the high, medium, end low series ware 
estimated efter considering of'fciel populetion projections 
(Brazil IBGE, 1974, p. 126). The populetion policy in Brazil 
has been essentially pronatelist. There nes been, however, 
some ecknowledgment of the ". . . responsibility to provide 
information and meens of temiry pfenning to ell Brezilians 
who voluntarily choose to plen their femilies" (UNFPA, 
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1976, p. 66). Therefore, it hat been assumed that fertility 
in Brazil will not decline as rapidly as in those Latin American 
countries where family planning receives active support. 
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FIGURE B-12. 

Total fertility Rates for Brazil: 
estimated 1960-70 and Projected 
1970-2000 
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Mortality, In all series, life expectancy at birth was assumed 
to increase from 592 years to 682 years for males and from 
62 .8 years to 71.8 years for females between 1970 and 2000. 
The life expectancies at birth for the year 2000 were graph- 
ically extrapolated bated on past trends in mortality as 
evaluated by Arriega for 1950 and 1950 (196jj^p. 42), 
and Irwin and Madeira for the 1960 to 1970 period (1972 
P. 709). 

* 

Migration, No international migration was assumed to have 
occurred during the projection period. 

Major Sources 

Arretx, Carmen. 1975. FertHrty Estimates Derived from In- 
formation on Children Ever Bom Using Data from Succes- 
sive Censuses. University of North Carolina. Chapel Hill. 

Arriaga, Eduirdo E. 1968. New Life Tabies for Latin Amer- 
ican Populations in tht Nineteenth and Twentieth Cen- 
turies. Population Monograph Series, No. 3. University of 
California. 

Arrlage, Ecbardo E, and Patricia Anderson, 1976. "An 
Approach for Estimating Fertility from Census and/or 
0~ wey Information on Children Ever Born by Age of 
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Mother." Paper presented at the annual meeting of the Pop- 
ulation Association of America, Montreal, Unpublished. 

Brazil Department de Censos. 1973. Cento Demogrtfico 
Brasil. VIII Recemsamento Genersl-1970. Stria Nacionel, 
Vol, 1. Rio de Janeiro, 

Brazil IBGE, 1974, 

Braitl IBGE. 1974. Encontro Brasileiro de Eftudos Popula- 
cionais Resumes de Communicacoes. Guanabara. 

Coal*, Ansley J., and Paul Demeny. 1966. Regional Model 
Life Tables and Stable Populations. Princeton University. 
Princeton. 

Irwin, Richard and Joan L Madeira. 1972. "Oeducto de 
Uma Tibua de Vida atraves de Aniilise Demogrtfica Brasil, 
1960/70." RevistaBrasileira de Ettatfsttca. Ano XXXII!, 
No. 132. Rio de Janeiro. 

United Nations Fund Tor Population Activities (UNFPA). 
1975. Inventory of Population Projects in Developing 
Countries Around the World: 1973/74. New York. 



MEXICO 
Baee Data 

. Base date: July 1, 16(70 

Population. The July 1, 1970 population is based on the 
January 28/1970 census population (Mexico Direccidn Gen- 
eral de Estadfstica, 1972, table 5), and was adjusted by a 
cohort analysis of the 1950, 1960, and 4 <970 censuses, by age 
% and sex, using registered births and deaths adjusted for under- 
registration (U.S., Bureau of the Census, 1978, tables 1, 2, 
tnd 8). The 1970 adjusted census population was advanced 
to July 1„ 1970 using registered births and deaths for 1970 
and adjusted for underregistration and estimated net emigra- 
tion, besfed primarily on the reported number of immigrants 
frpm Mexico Jnto the United States and Canada during 1970 
(U.S. Immigration and Naturalization Service, 1971, table 9 
and Canada Department of Manpower and Immigration, 
1971,t«ble9). 

.Fertility level. Age-specific fertility rates were calculated 
from births registered in 1970 and adjusted for a 3-percent 
underregistration and from the 1970 census female popula- 
tion adjusted for underenumeration (U.S. Bureau of the 
Census, 1979, table 2). 

Mortality level. A life table was constructed for the 1969-71 
period using age-sex specific death rates derived from weighted 
averages of registered deaths for 1969, 1970, and 1971 (ad- 
justed for underregistration) and the adjusted census popula- 
tion (U.S. Bureau of the Census, 1979, table 2). 
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Projection Aaaumptiona 

Fertility, The total fertility rati of 6.7 in 1970 was assumed 
to havt declined by the ytar 2000 to 4.7 in the high series, 
4.0 in the medium series, end 3.0 in the low series. The high 
and medium series for 2000 were derived by considering the 
United Nations medium- end low*ariant projections, respec- 
tively (United Nations, 1975, p. 78). The rate in 2000 for 
tfie iow series wes assumed to be one child smaller than the 
rate for the medium series. The rates for the intermediate 
veers were obtained by graphic interpolation. 

Although data for registered births are available through 
1978, the quality of the registration system in recent years 
h suspect. However, registered data through 1976, adjusted 
for underregistration, were considered in making the pro* 
{actions. 



FIGURE B-13. 

Total Fortuity Rates for Mexico: 
Estimated 1960-70 and Projected 
TFR 1970-2000 



7.0 



6.0 



6.0 



4.0 



ao 



2.0 



1.0 



I 



















High 


■ - 




\ 

0 

V 










• 


Medium 

\ 










Low 


^ 






















— — * 


1 




• 


1 



1060 1960 



1970 1980 
Year 



1990 2000 



Mortality. In all series, life expectancy at birth was assumed 
to increase from 68.8 years to 89.0 veers for males and from 
(QJ years to 72.7 years for females between 1969-71 and 
2000. The life expectancies at birth for the years 2000 were 
estimated considering pest trends in mortality and United 
Nations mortality projections (United Nations, 1975, p. 78). 
Ufa expectancies at birth for 1971 through 1976 were pro- 
jected considering registered deaths adjusted for 3 percent 
underregistration. 



Annual estimates of net migration from 1970 
to 1976 were based primarily on the reported number of 
^ rams Into the United States and Canada by age and sex 



(U.S. Immigration end Naturalization Service, various years, 
and Canada Department of Manpower and Immigration, 
various years). 

No international migration was assumed to have occurred 
during the period from 1975 to 2000. 

Major Sources 

Canada Department of Manpower and Immigration. Various 
years. Immigration Statistics. Ottawa. 

Mexico Direcci6n General de Estadfstica. 1972. IX Censo 
General de Pobelcttn, 28 de Enero da 1970: Resumen 
General. Mexico City. 

United Nations. 1975. Selected World demographic Indica- 
tors by Countries, 1960-2000. ESA/P/VVP.55. New York. 

U.S. Bureau of the Census. 1979. Country Demographic 
Profiles-Mexico, forth com ing. . 

U.S. Immigration and Naturalization Service. Various years. 
Annual Report of the Immigration and Naturalization Ser- 
vice. U.S. Government Printing Office. Washington/D.C. 



TEMPERATE SOUTH AMERICA 

Component projections were prepared for the United Nations 
subregion of Temperate South America. 2 Unlike the rest of 
Latin America which was considered less developed by the 
United N; tions. Temperate South America was classified as 
« more developed region at the time this report was prepared 
(United Nations, 1977, p. 2) and the projection assumptions 
correspondingly reflected its "more developed status." 

Base Data 

Base date: July 1, 1975 4 

Population. The base population data were from the United 
Nations medium-variant 
Nations, 1976b). 



projections for 1975 (United 



Fertility level. Total fertility rates of 3.2 for the high series, 
and 3.1 for the medium and low series in 1975 were suggested 
by the United Nations high, medium, and low projections for 
the region (United Nations, 1975) and recent fertility data 
for the countries of the region. 

The age patterns of fertility for 1975 are from the United 
Nations model age patterns of fertility for the Latin America 
region (United Nations, S977, pp. 7-11 and United Nations 
1976a). 

Mortality level. The United Nations estimates from the 
medium variant for life expectancies, by sex, for the 1970-75 
and 1975-80 periods were averaged and the averages were 



*Temperatt South America consists of the country of Argentina, 
Cbila, Uruguay, and the Falkland Islands (United Nations, 1977, 
p. 2). 
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wed at the life expectancies, by sex, for 1975 (United Na- 
tions. 1975). Goale-Demeny west region model life tables 
(Coaie and Demeny, 1966) at en equivalent level of life 
expectancy were assumed to adequately represent the pat- 
tern of mortality., 

Projection Assumptions 

Fertility. The total fertility rate 6t 3.2 in 1975 was assumed 
to have declined by the year 2000 to 3.0 in the high series, 
from 3.1 in 1975 to 2.5 by the year 2000 in the medium ser- 
ies, and from 3.1 in 1975 to 2.0 by the year 2000 in the low 
series. The rates in the medium and low series by the year 
2000 are approximately those implied by the trend between 
1970-75 and 1995-2000 in the United Nations mediumlhd 
low variants (United Nations, 1975). The estimated total 
fertility rate of 3.0 in the high series by the year 2000 in * 
this report is slightly higher than the United Nations high 
variant total fertility rate of 2.8 by 2000 (United Nations 
1975). 



FIGURE B-14. 

Total Fertility Rates for Temperate 
South America. Estimated 1960-70 
TFR and Projected 1970-2000 
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Mortality. In all series, life expectancy at birth was assumed 
to increase from 64 years to 68 years for mries and from 70 
years to 74 years for females between 1975 and 2000. The 
life expectancies in all series are those assumed by the 
United Nations in the medium-variant projections (United 
Nations, 1975). The period values in the Unitwd Nations 
series for the life expectancies, by sax, for the 1970-75 and 
^^6-80 periods were averaged and the resulting values 

\c 



assumed to apply to 1975 and so on to the 1995-2000 per- 
iod which was extrapolated to estimate values for the year 
2000. 

Migration. No international migration was assumed to have 
occurred during the projection period. 

Major Sources 

Coale, Ansley J. and Paul Demeny. 1966. Regional Model 
Life Tables and Stable Populations. Princeton University 
Press, Princeton. 

United Nations. [1976a]. Paper containing model age pat- 
terns of ertility (age-specific fertility rates) far given levels 
of gross reproduction rates by regions of the world. Com- 
puter printout JnpuWished. 

- 1. 1976b. Population By Sex and Age For Re- 
gions- and Countries, 1950-2000, At Assessed In 1973: 
Medium Variant ESA/P/WP.60. New York. 



1977. World Population, as Assessed in 1973. 



Population Studies, No. 60. New York 



NORTHERN AMERICA 

Canada, Bermuda, Greenland, St Pierre and Miquelo, , and 
the United States comprise the United Nations region 
"Northern America" (United Nations, 1977b, table 28). 
Component population projection series were prepared for 
botlv Canada, including the population of Bermuda, Green* 
land, and St Pierre and Miquelon, and the United States. 

Fertility and mortality base data for Canada including 
Bermuda, Greenland, and St Pierre and Miquelon were 
estimated on the basis of official Canadian data. Since 
Canada's population is over 99 percent of the combined 
population of these areas, separate assumptions for the 
three smaller areas would not significantly affect the assump- 
tion that the combined population could be projected using 
Canadian fertility and mortality data. 

CANADA 

(including Bermuda, Greenland, and St Pierre and Miquelon) 
Base Data 

Base date: July 1, 1975 

Population. The base population data were from the official 
1975 midyear population estimate of Canada (United Nations 
Statistical Office, 1977). Total population estimates for 
Bermuda. Greenland, and St. Pierre and Miquelon for midyear 
1975 (U.S. Bureau of the Census current estimates) were 
added to the 1976 total for Canada. 3 The total populations 

3 Totet population ettimattt, midynr 1975, are n follows; 
Country or eree Population 



Ceneda 

Bermuda 

Greenland 

St. Pierre and Miquelon 



22.790 jSOO 
09,719 
80,047 
5**3 



56 



THE POPULATION SECTOR (BUREAU OF THE CENSUS) — 



of these three areds^were distributed by age and sex in the 
same proportions as the age-sex distribution of Canada. 

Fertility level. The total fertility rate for 1975 was estimated 
by considering the provisional 1975 official Canadian esti- 
mate of total births (United Nations, 1977a) and the latest 
available official fertility rates for Canada for 1972 through 
1974 (1972 and 1973 data from United Nations, 1976, 
table 24; 1974 data from United Nations Statistical Office, 
1977). 

The age pattern of fertility for 1975 was the average 
pattern of the 1972 through 1974 reported age-specific fer- 
tility rates. 

Mortality level. Life tables for 1975 were estimated based on 
life expectancies at birth and age-sex patterns of mortality 
for 1975 as shown in official Canadian population projec- 
tions (Statistics Canada, 1974, tables 3.2 and 33). 



* Projection Assumptions 4 

Fertility. The total fertility rate in 1975 was assumed to have 
increased to 2.5 by the year 1985 and remained constant at 



Fertile and mortal i v assumptions were prepared for Canada, 
Bermuda, Greenland, and St. Pierre and Miquelon on trie besis of pro* 
jecttd trends shown in official Canadian projections assuming that 
these trends are generally applicable to all areas covered in this pro- 
jection set. 



FIGURE B-15. 

Total Fertility Rates for Canada: 
Estimated 1960-75 and Projected 
TFR 1975-2000 
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the 2.5 level to the year 2000 in the high series. In the 
medium series, the 1975 TFR was assumed to have increased 
to 2.1 by 1984 and remained constant at that level to the 
year 2000. In the low series, the 1975 TFR was assumed to 
have declined to 1.7 in 1981 and remained constant to 2000. 
These fertility rates in the year 2000 are approximately con- 
sistent with the high, medium, and low fertility projections 
of the official Canadian projections (Statistics Canada, 1974, 
table 6.1). 

Mortality. In all series, life expectancy at bin was assumed 
to increase from 69.6 years to 70.2 years for males between 
1975 and 1986 and then held constant at the 1986 level to 
the year 2000. In all series, life expectancy at birth was 
assumed to increase from 76.7 years to 78.4 years for fe- 
males between 1975 and 1986 and then held constant at the 
19b" level to the year 2000. The levels of life expectancies 
in the year 1986 and the patterns of change in these pro- 
jections are the same as the levels and patterns in Canada's 
official projections (Statistics Canada, 1974, table 3.3). 

Migration, No international migration was assumed to have 
occurred during the projection period. 

Major Sources < 

Statistics Canada. 1974. Populatior Projections for Canada 
and the Provinces, 1972-2001. Ottawa. 

United Nations. 1976. Demographic Yearbook 1975. New 

York. 

. 1977a. Population and Vital Statistics Report. 

Quarterly, April 1, New York. 

. 1977b. World Population Prospects as Assessed 

in 1973. Population Studies, No. 60. New York. 

United Nation? Statistical Office. 1927. Personal communica- 
tion. 
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UNITED STATES 

Component populatior projections for the United States 
were prepared in the Population Division, U.S. Bureau of 
the Census. The projection series used in this report assume 
no net immigratibn between 1975 and 2000. The high and 
low series are from unpublished computer printouts pre* 
pared especially for this report. Population projections for 
the medium series (Series I K -X ) and a discussion of the 
methodology and assumptions used in preparing the pro- 

is 

jcwuui i9 cite woi nctt! icu hi. 

U.S. Bureau of the Census, 1977, "Projections of the Popu- 
lation of the United States: 1977 to 2050," Current Popula- 
tion Reports, Series P-25, No 704, Washington, D.C. 
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FIGURE B-1 6. 

Total Fortuity Rata* for tho Unltad 
Stetaa: Eotlmatad 1960-75 and 
TFR Projoctod 1975-2000 
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JAPAN 
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Data 

date: July 1,1975 

Population. Tha base population data were derived from the 
official midyear total population estimate for 1975 (United 
Nations Statistical Office, 1977) which is based on the popu- 
lation census of October 1, 1975. The 1975 census age-sex 
distribution (Bureau of Statistics, 1976, table 1) was assumed 
to apply to the midyear total population estimate. 

Fertility level. The 1975 total fertility rate and the corre- 
sponding age-specific fertility rates are the offical rates as 
reported to the United Nations Statistic? Dffice (I977). 

Mortality level. Offical life tables fc the period April 1, 1974 
to March 31, 1975 were used for 1975 (Institute of Popu- 
lation Problems, 1976, table 1 ). 

Projection Aaaumptiona 

Fertility. Tha total fertility rate of 1.9 in 1975 was assumed 
to hava incraasad to 2.3 by 1086 and to have remained at 
that level throutf tha year 2000 in the high series. In tha 
MHum series, tha total fertility rata of 1.9 in 1975 was 



assumed to have increased to 2.2 in 1985 and. then to da- 
crease from the 2.2 level to 2.1 in the year 2000. In tha 
low series, the 1975 rate of 1.9 was assumed to have in- 
creased to 2.0 by 1985 and then to decrease to 1.8 by the 
year 2000. These fertility assumptions for the years 1986 
and 2000 era the assumptions shown in tha official popula- 
tion projections of Japan (Institute of Population Problems, 
1975, table 5). 
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FIGURE B-1 7. 

Total Fertility Rates for Japan: 
Estimated 1960-75 and Projected 
1975-2000 
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Mortality. In all series, life expectancy at birth for males 
was assumed to increase from 71 years to 73 years between 
1975 and 1985 and then hold constant at the 1985 level 
to the year 2000. In all series, life expectancy at birth for 
females was assumed to increase from 76 years to 78 yoars 
between 1975 and 1985 and was then held constant at the 
1985 level to the year 2000. The levels of life expectancies in 
tha year 1985 and the patterns of change in these projections 
are the same as the levels and patterns in Japan's official 
projections (Institute of Population Problems, 1975, pp. 40 
and 48). 

Migration. No international migration was assumed to have 
occurred during tha projection period. 

Majcr Sources ^ 

Bureau of Statistics. 1976. 1975 Population Census of Japan: 
Prompt Report of the Basic Findings. Tokyo. 

Institute of Population Problems. 1975.. "Population Pro- 
jections for Japan, 1970*2050. Estimated in February 
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1975" by Tatiuya Itoh and Chizuko Yamamoto. The 
Journal of Population Problems. No. 135, pp. 3948. Tokyo. 

I 

1978. Tht 2tth Abridged Lift Tables (April 1, 

1974 - March 31, 1975). Research Senes, No. 212. Tokyo. 

United Nations Statistical Office. 1977. Personal communi- 
cation. 



year 2000. The medium series constant fertility assumption 
is the projection of fertility shown in the Australian official 
projections for the period 1972-2000 (Australian Bureau of 
Statistics, 1973, p. 144). The low series follows the trend of 
fertility in the United Nations medium-projection series 
throughout the projection period, 1970-75 through 1996- 
2000 (United Nations, 1977). The high series show, a trend 
in the fertility rate which is the same distance above the con- 
stant fertility line as the distance which the low series fer- 
tility rates are below the constant fertility line. 



AUSTRALIA 
Bate Data 

Base date: July 1, 1975 

Population. The base population data were derived from the 
1975 total population estimate from officii, projections ex- 
elusive of net migration aft*r June 30, 1070 (Australian 
Bureau of Statistics, 1973, p. 145). The base of the official 
projections was the 1966 census and preliminary results of 
the 1971 census. 5 

Fertility level. The 1970 total fertility rate of 2.85 used in 
the official Australian projections for the period 1972 
through 2000 (medium projection) was used in this report 
as the rate for 1975 for the medium projection (Australian 
Bureau of Statistics, 1973, pp. 144 and 168). 

The estimated rates for 1975 in the high and low series 
'are 0.02 points higher and lower than the medium series 
1975 rate. 

The age pattern of fertility for 1975 in all series is repre- 
sented by the official age-specific fertility rates which corre- 
sppnd to the 1970 total fertility rate (Australian Bureau of 
Statistics, 1973, p. 168). 

Mortality level. Official empirical life tables, based on the 
average age-specific mortality rates in the 3 years from 1965 
trough 1967, were assumed to apply to 1975 in the high, 
medium, and low projections in this report. (Australian 
Bureau of Statistics, 1973, pp. 144 and 181). 



FIGURE B-18. 

Total Fertility Rales for Australia: 
Estimated 1960*72 and Projected 
,rR 1972-2000 
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Projection Assumptions 

Fertility. TJie total fertility rate of 2.87 in 1975 was assumed 
to have increased to 3.31 in the year 2000 in the high series. 
In the medium series, the 1975 rate of 2.85 was assumed to 
remain constant throughout the projection period 1975 
through 2000 at the 1975 level, while in the low series, the 
1975 rate of 2.83 was assumed to decline to 2.39 by the 

7 - 

5 Figures from official Auitraliart population protections for the 
year 1976 Including and excluding estimated net international migra- 
tion are as follows: 



1975 Population 

13,262300 



Excluding estimates of net 
international migration 

Including est in teles of net 
0 ffltoratlon at 



ERIC 



66-70 levels 



13,734,000 



Mortality. In all series, life expectancy at birth was assumed 
to remain constant at the level assumed for 1975, 68 years 
for males and 74 years for females (Australian Bureau r of 
Statistics, 1973, pp. 144 and 181). This is thtf same assump- 
tion made in the official projections. 

Migration. No international migration was assumed to have 
occurred during the projection period. 

Major Sources 

Australian Bureau of Statistics. 1973. Official Year Book of 
Australia. No. 59. Canberra. 

United Nations. 1975. Selected World Demographic Indica- 
tors by Countries, 1960-2000. ESA/P/WP.55. New York 
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NEW ZEALAND 
Ban Data 

tfsa date: July 1, 1975 

Population. The bate population data were derived from 
the March 31, 1975 total population estimate (Department 
of Statistics, 1977, p. 6). The age-sex distribution of the esti- 
mated March 23, 1976 population (Department of Statistics, 
1977, p. 8) was assumed to apply to the 1975 total popula- 
tion estimate. 

Fertility level.' The 1975 total fertility rate is based on an 
extrapolation of the 1962 through 1974 trend of fre offi- 
cially estimated fertility. The age pattern of fertility for 
1975 is represented by the official age-specific fertility rates 
which correspond to the reported 1974 rate (United Nations, 
1976, table 24). 

Mortality level. Empirical life tables were derived based ort 
the average age-specific mortality rates in the years 1970-72 
(United Nations, 1974, table 6 and 1975, table 25)* 

Projection Assumptions 

Fertility. The assumptions for the low series followed 
generally the assumptions m the New Zealand official pro- 
jections for 1975-2006 (Department of Statistics, 1977, 
p. 6). In the low series, the trend of rates for 1962 through 
1974 was extended to 1980 with the 1975 rate of 2.5 de- 

r 



FIGURE B-T9. 
Total Fertility Rates for New 
Zealand: Estimated 1960-75 and 
TFR Projected 1975-2000 
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dining to 2.0 by the year 2000. The medium and high 
series rates were then derived relative to the low projection 
using less extreme declines in the medium series and a slight 
increase in the high series. The rata in the medium series 
shows a decline from the 1975 level of 2.5 to 2.2 ift the year 
2000. The high series shows a slight increase in the 1975 
level of 2.5 to a rate of 2.6 by the year 2000. 

Mortality. In all series, life expectancy at birth was assumed 
to remain constant at the level assumed for 1975, 68 years 
for males and 75 years for females (Department of Statistics, 
1977, p. 6 and United Nations, 1974, table 6 and 1975, 
table 25K The same assumption of constant mortality at 
these levels was made in the official projections. 

Migration. No international migration was assumed to ,iave 
occurred during the projection period. 

Major Sources 

Department of Statistics. 1977. Monthly Abstract of Sta- 
tistics. June. Wellington. 

United Nations. 1974. Demographic Yearbook 1973. New 

York. 



1975. Demographic Yearbook 1974. New York. 

1976. Demographic Yearbook 1975. New York. 



EASTERN AND WESTERN EUROPE 
Base Data 

Base date: July 1, 1975 

Population. The regions of Eastern and Western Europe in 
this report comprise 8 countries and 27 countries, respec- 
tively. The 1975, base total population estimates for these 
projections were the 1975 official population estimates of 
the individual countries of Europe (United Nations, various 
dates) aggregated to totals for Eastern and Western Europe. 
The 1975 age-sex distributions from the United Nations 
mediumvariant projections for European regions (United 
Nations, 1976b) were redefined to correspond to the regions 
Eastern and Western Europe as designated in the:e pro- 
jections. 6 The resulting 1975 age-sex distributions were 
adjusted considering recent trends in vital statistics in these 
countries. 
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'Tha Unitad Nations allocated countries to regions on • olo- 
graphic*! oasis. The allocation In that* projections of European 
countries to tha regions of Eastarn and Wattarn Europe followed 
generally tha United Nations pattern axcapt as noted below: 

1. Albania and Yugoslavia were added to the United Nations 
Eastern European region and designated "Eettem Europe" for 
these projections. 

2. The following aggregation wet designated "Western Europe" 
in these projections: (el United Nations regions of Southern Europe 
excluding Albania and Yugoslavia and including Andorra, Gibraltar, 
and San Marino; (b) United Nations region Northern Europe in- 
cluding the Channel and Feerbe islands and tha Isle of Man; and 
(c) the United Nations region Western Europe including Liechtenstein 
and Monaco. 
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Fertility. The 1975 total fertility rates for Eastern and 
Western Europe were weighted averages of the most recent 
officially reported fertility rates (Princeton University, 
1977). The age patterns of fertility for 1975 are from the 
United Nations model age patterns of fertility for appro- 
priate regions at equivalent levels of fertility (United Nations, 
1977, pp. 7-1 1 and United Nations, 1978a). 

Mortality levels. The United Nations life expectancies for 
the 1970-75 and 19754K) periods for the countries of Europe 
from the medium variant were averaged and the averages, 
weighted by the populations of the appropriate countries of 
Eastern and Western Europe, were used as the life expec- 
tancies for 1975 (United Nations, 1975). Coale-Demeny 
west region model life tables (Coale and Dem,eny, 1966) at 
an equivalent level of life expectancy, by sex, were used to 
represent the pattern of mortality. 

Projection Assumptions 

Fertility. The total fertility rate in Eastern Europe of 2.3 
in 1975 was assumed to have increased by the year 2000 
to 2.7 in the high series, was held constant to the year 
2000 at the 1975 level in the medium series, and was as- 
sumed to have declined by the year 2000 to 1J9 in the low 
series. The rates in the year 2000 are those assumed by 
me Foreign Demographic Analysis Division, U.S. Bureau 
of the Census (U.S. Department of Commerca^^6) and 
are generally based on official projections ol^Ptou 
of Eastern Europe. 



Countries 



FIGURE B-20. 

Total Fertility Rates for Eastern 
Europe: Estimated 1960-75 and 
TFR Projected 1975-2000 
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The total fertility rate in Western Europe of 2.0 in 1975 
was assumed to have increased to 2.4 by the year 2000 in the 
high series, 2.2 in the medium series, and to have decreased 
slightly below 2.0 in the tow serias. The rates in the year 
2000 and for the intervening years generally follow the trend 
of the fertility rate in the countries of Western Europe in the 
U.N. projections (United Nations, 1975). The United Nations 
fertility assumption^ were based generally on official pro- 
jections of the individual countries of Europe 
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FIGURE B-21. 

Total Fertility Rates for Western 
Europe: Estimated 1960-75 and 
Projected 1975-2000 
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Mortality. In all series, life expectancy at birth for Eastern 
Europe was assumed to increase from 67 years to 71 years 
for males and from 72 years to 75 years for females between 
1975 and 2000. In Western Europe, the increase in the same 
time period* was assumed to be from 69 years to 72 years for 
males and from 75 years to 77 years for females. The life 
expectancies in all series are those assumed for European 
countries by the United Nations in the medium-variant 
projections (United Nations, 1975). 

Migration. No international migration was assumed to have 
occurred during the projection period. 

Major Sources 

Coale, Ansley J, and Paul Demeny. 1966. Regional Model 
Lift Tablas and Stable Populations. Princeton University 
Press, Princeton. 

Princeton University, Office of Population Research. Popu- 
lation Indax. 1977. Vol. 43, No. 2. Princeton. 
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United Nations. Various dates. Population and Vital Statis- 
tics R sport. Quarterly. New York. 

1975. Selected World Demographic Indicators 



By Countries, 1950-2000. ESA/P/WP/.55. .New York 

i 1976a. Paper containing model age patterns of 
fertility (age-specific fertility rates) for given I vels of gross 
reproduction rates by regions of the world. Computer 
printout, unpublished. 

, 1976b. Population By Sex and Age For Regions 

and Countries, 1950-2000, As Assessed In 1973: Medium 
Variant ESA/P/WP.60. New York. 

1977. World Population Prospects as Assessed 



in 1973. Population Studies, No. 60. New York. 

U.S. Department of Commerce, Foreign Demographic 
Analysis Division. 1976. Projections of the Populations of 
the Communist Countries of Eastern Europe, by Age and 
Sex: 1975 to 2000, by Godfrey Baldwin. P-91, No. 25. 
Washington, D.C. 

REMAINDER OF CONTINENTS 

Component projections were prepared for the "remainder" 
of continents, excluding the countries for which individual 
projections were made. Therefore, projections were made 
for the remainder of Africa (excluding Egypt and Nigeria), 
of Latin America (excluding Brazil, Mexico, and Temperate 
South America), and for the remainder of Asia and Oceania 
combined (excluding the developed countries of Oceania 
and the selected Asian countries studied in this report). 

Base Data 

Base date: July 1, 1975 

Population. Estimates of bacj-year populations for the 
three remainders of continents were made as follows: (1) 
medium-variant U N. projections for 1975 (United Nations, 
1976b) w$re used to determine an age-sex distribution for 
a particular "remainder" by subtracting from the conti- 
nental population the populations of countries in that con 
t'tent for which separate projections are provided jn this 
report, and (2) the age-sex distribution pattern of the U.N 
remainder population was applied to a more recent Census 
Bureau estimate of the aggregate remainder population 
(U.S. Bureau of the Census, 1976). 

Fertility level. Three levels of the 1975 total fertility rates 
for each of the three remainders of continents were derived 
from the estimated fertility rates for appropriate countries 
in the United Nations high, medium, and low variants, 
respectively (United Nations. 1975) weighted by 1975 
United Nations population estimates. 7 

Age-specific rates for 1975 were derived from U.N. model 
age patterns for appropriate regions at equivalent levels of 
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'Adjustments were' mads for tht "Rsmsinctor of Lstin America" 
* the basis of recant fertility data for Colombia. 



fertility (United Nations, 1977, pp. 7-1 1 and United Nations, 
1976a). 

Mortality levels. For the base-year life expectancy, the 
United Nations medium-variant projections of life expec- 
tancies for the 1970-75 and 1975-80 periods, for individual 
countries appropriate to each remainder of continent, were 
averaged and weighted by the populations as shown in the 
United Nations medium variant (United Nations, 1975). 
Coale-Oemeny south region model life tables (Coale and 
Demeny, 1966) at an equivalent level of life expectancy, 
by sex, were assumed to represent the pattern of mortality. 

Projection Assumptions 

Fertility. The assumed total fertility rates for the three 
remainders of continents for the years, 1975 and 2000 are 
as follows: 

Total fertility rate 



Area 


Series 


(per woman) 


X 




1975 


2000 


Remainder of Africa . 


. High 


6.4 


5.6 




Medium 


6.3 


5.0 




Low 


6.3 


4.0 


Remainder of Asia 


High 


5.6 


42 






5.4 


3.6 




Low 


5.3 


3.2 


Remainder of Latin 


High 


5.2 


4,3 


America 




5.1 


3.4 




Low 


5.0 


2.5 
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FIGURE B-22. 

Total Fertility Rates for Remainder 
of Africa: Estimated 1970 and 
Projected 1970-2000 
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The fertility rates in the year 2000 and for intervening 
years between 1975 and 2000 are approximately those im- 
plied by trends in the total fertility rate for the appropriate 
countries between the 1970-75 and 1995-2000 periods in 
the United Nations high*, medium-, and low-projection 
series (United Nations, 1975). 

Mortality. The assumed life expectancies at birth for the 
three remainders of continents for the years 1975 and 2000 
are as follows: 

Life expectancy at 



/trea 


Sex 


birth 


(in years) 






1975 


2000 


Remainder of Africa . 


. Male 


44 


56 




Female 


48 


59 


Remainder of Asia 


Male 


47 


59 


and Oceania 


. Female 


49 


62 


Remainder of Latin 


Male 


58 


69 


America 




61 


72 



The mortality assumption is the same for the high, 
medium, and low series for all three remainders. 

The life expectancies used in this report are those assumed 
for the appropriate countries by the United Nations in the 
medium-variant projections (United Nations, 1975). The 
penod values foi the intervening years are approximately 
those implied by trends in the life expectancy between the 
1970-75 and 1995-2C00. 
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FIGURE B-23, 

Total fertility Rates for Remainder 
of Asia and Oceania: Projected 
1970-2000 
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Migration. No international migration was assumed to have 
occurred during the projection period. 

Major Sources 

Coale, Ansley J. and Paul Demeny. 1966. Regional Modal 
Life Tables and Stable Populations. Princeton University 
Press, Princeton. 

United Nations. 1975. Selected World Demographic Indi- 
cators By Countries, 1950-2000. ESA/P/WP.55. New 
York. 

*r 

1976a. Paper containing mod?' age patterns of 

fertility (age-sp<;cific fertility rates) for given , eve is of gross 
reproduction rates by regons of the world. Computer 
printout, unpublished. 

. 1976b. Pnputat'onBy Sex and Age For Regions 

and Countr es, 1950 2000. As Assessed In 1973: Medium 
Variant. ESA/P/WP.60. New York. ' 

1977.Woiio ^putation Prospects as Assessed 



in 1973. Population Studies No. 60. New York. 

U.S. Bureau of the Census, Interna, anal Statistical Programs 
Center. 1976. World Population: 1975 Recent Demographic 
Estimates for the Countries and Regions of the World. 

ISP-WP-75. Washington, D.C. 



FIGURE B-24. 

Total Fertility Rates for Remainder 
of Latin America: Estimated 1970 
TFR and Projected 1970-2000 
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UNITED STATES DEPARTMENT OF COMMERCE 
Buruu off thm Census 

Washington, D.C, 20233, 



December 15, 1977 



Editor's note: This memorandum was provided to the Global 2000 Study Director 
by the Bureau of the Census in response to questions about consistency between 
mortality assumptions in the population projections a*id the food projections. 



MEMORANDUM FOR Dr. Gerald Barney 

Study Director, Global 2000 Project 

Prom: Larry Heligman and Samuel Bau,n 

Population Division y Bureau of the Census 

Subject: Consistency between mortality assumptions in population 
projections and food projections 

Levels and trends in mortality over time are related to many factors , 
including for example , quantity and quality of food and housing, degree 
of economic pressures, availability of medical knowledge, personnel and 
supplies, and the extent of public health programs. The mortality 
assumptions built into the population projections implicitly ajsume 
mode* '<? technological progress in our ability to make these mortality- 
reducl jg factors available and various degrees of progress in the 
diffusion of these factors among all segments of the populations of 
the developing world* 

Countries, such as many of those in Africa, which arc at relatively 
low levels of food, housing, economic development, medicine and public 
health, and so forth (especially at low levels of factors such as 
public health programs which are Relatively cheap and easy to apply) 
are assumed in the population pro* actions to show the most progress 
in reducing mortality, as the diffusion of the existing and easily 
transferable technologies takes place. Other countries, such as many 
in Latin America, wnere the inexpensive and easy to apply methods of 
death control have already been implanted among large segments of the 
population, and where future improvements iu mortality will depend 
largely upon factors much more expensive and difficult to implement 
(such as the raising of nutrition levrls among the large poorly-fed 
segment of the population), smaller progress in reducing mortality 
is expected to be made* 

None of this is inconsistent with the food projections, as food is only 
one component of the many which determine levels and trends in mortality. 
Fbr example, Africa and Latin America are both projected to have rela- 
tively small progress in food consumption per capita (about 0.4# annually) 
but Africa is assumed to have a much more rapid improvement in mortality. 
Life expectancy in Africa is assumed to increase by 0.9J6 per year? 
wherea3, life expectancy in Latiu America is assumed to increase tjy only 
0.U percent per year. Given the different levels of life expectancy at 
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THE POPULATION SECTOR (BUREAU Qf THE CENSUS) 



l^ 8 ;£f2! ° f the .P 1 *°J ecti ° n Period in the *wo regions (46 years in 
Africa and. 63 years in Latin America), and the different liSiiTS 
mixes of mortality-reducing factors in the two Sglom T(as meitio^ed 
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UNITED STATES DEPARTMENT OF COMMERCE 
Bureau of tho Census 

Washington. D C. 20233 



February 26, 1980 



Editor's note: This material was provided by the Bureau of the Census in response to 
a request for projections to the year 2100 with age-specific fertility and mortality 
rates kept constant at*the levels reached in the year 2000 in the Global 2000 projec- 
tions, middle series. 



Dr. Jerry Barney 

Council on Environmental Quality 
722 Jackson Hace, N.W. 
Washington, D.C. 20006 

Dear Jerry: 

Enclosed 1s a sumary table showing the results of projections to 
the year 2100- with feitlllty (age-specific fertility rates) and 
mortality (age-spec1f1c mortality rates) kept constant at the level 
reached tnrtne year 2000 in the Global 2000 projections middle 
series. The more developed and the less developed areas (as 
defined for the 111 ustrati ve Projections report) were projected 
separately, wlth^aTFR of 2.2 children per woman for more developed 
areas, male life expectancy of 69.8 years, and female life expect- 
ancy of 77.0 years; and. with a TFR of 3.6 children per woman for 
less developed areas, male life expectancy of 61.9 years, and female 
life expectancy of 65.1 years. 

You will note that the changes 1n age composition result 1n a reduction 
In the growth rates for both more and less developed regions until the 
period 2030-2035, but that after 2070,;the Increasing weight of the 
less developed regions causes the World growth rate to Increase even 
though the more developed and less developed regions' growth rates 
remain constant. 

Looking forward to seeing the final version of Global 2000, as I am 
sure you are also. Best regards, 

Sincerely, 



SAMUEL BAUM 

Chief, International 

Demographic Data Center 
Bureau of the Census 

Enclosure 
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2/25/80 



Projections of World Population to the Year 2100 Assuming 
Corstant (Year 2000) Fertility and Mortality Rates 




World 



6.4 
6.9 
7.4 
8.0 
8.7 
9.3 
10.0 
10.8 
11.6 
12.4 
13.3 
14.3 
15.4 
—16u5 
17.7 
19.1 
20.5 
22.1 
23.8 
25.6 
27.6 



Total population at beginning 
of period (in billions) 



More 
Developed 



1.3 
1.4 
1.4 
1.4 
1.4 
1.5- 
1.5 
1.5 
1.5 
1.5 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1. 
1. 
1. 
1. 
1. 



Less 
Developed 



5.0 
5.5 
6.1 
6.6 
7.2 
7.9 
8.6 
9.3 
10.1 
10.9 
11.8 
12.7 
13.8 
14.9 
16.1 
17.4 
18.9 
20.4 
22.1 
23.9 
25.8 



LDC percent 
of World 



79 

80 — 

81 

82 

83 

84 

85 

86 

87 

88 

88 

89 

90 

90 

91 

91 

92 

92 

93 

93 

94 



Average Annual Growth Rate 
(in percent) 





More 


Less 


World 


Developed 


Developed 


1.6 


0.4 


1.9 


1.6 


0.4 


1.8 


1.5 


0.4 


1.8 


1.5 


0.4 


1.7 


1.5 


0.3 


1.7 


1.4 


0.3 


1.7 


1.4 


0.2 


i:6 


1.4 


0.2 


1.6 


1.4 


0.2 


1.6 


1.4 


0.2 


1.6 


1.4 


0.2 


1.6 


1.4 


0.2 


1.6 


1.4 


0.2 


1.6 


1.4 


0.2 


1.6 


1.5 


0.2 


1.6 


1.5 


0.2 


1.6 


1.5 


0.2 


1.6 


1.5 


0.2 


1.6 


1.5 


0.2 


1.6 


1.5 


0.2 


1.6 


1.5 


0.2 


1.6 
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UNITED STATES DEPARTMENT OF COMMERCE 
Bureau of the Census 

Washington. D C 20233 • 



^— — — 

Editor's note: This material was provided by the Bureau of the Census following 
some ongoing updating of data on selected countries. 



Dr. Jerry Barney 
Council on Environmental 

Quality 
722 Jackson Place, N.W. 
Washington, D.C. 20006 



Dear Jerry: 

As we discussed on the phone, we strongly recommend that some 
mention of the new figures *or Chine be made in the Global 2000 
report. The attached paragraph is a suggested footnote to the 
section discussing the Census Bureau population projections. 
Sincerely, 



SAMUEL BAUM 

Assistant Chief for International 

Demographic Statistics 
Population Division 
Bureau of the Census 
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— THE POPULATION SECTOR (BUREAU OF THE CENSUS) 



Since the preparation of the Global 2000 projections, the Census 



Bureau has revised their estimates for some countries (see U.S. Bureau 
of the Census, World Population: 1977 . forthcoming). The magnitude 
of these changes has generally been small. However, substantial 
revision of the estimates have been made for the People's Republic of 
China. For a. full discussion of the new China figures, see John S. 
Alrd, "Population Growth In the People's Republic of China", In Joint 
Economic Committee, Congress of the United States, Chinese Economy 
Postjao, Volume 1, forthcoming, U.S. Government Printing Office, 
Washington, D.C., 1978. The following table shows the effect of these 
changes on the world population totals 

Effect of Revised Estimates of the Population of the 
People's Republic of China on the Census Bureau 
Global 2000 Population Projections 

(Population figures In millions) 

World Less Developed People's Republic 

Countries of China 

MEDIUM SERIES 
1975 

Using Old China Estimates 4,090 2,959 935 

Using Revised China Estimates 4,098 2,'967 94? 



2000 



Using Old China Estimates 6,350 5,027 1 329 

Using Revised China Estimates 6,401 5,078 1 ,'380 
HIGH SERIES 
1975 

Using Old China Estimates 4,134 3,003 978 

Using Revised China Estimates 4,124 2*993 Qfift 

2000 «.t»»* »oo 

Using Old China Estimates 6,797 5 419 i 450 

Using Revised China Estimates 6,817 5*439 }] m 

L OW SERIES 
1975 

Using Old China Estimates 4,043 2,912 889 

Using Revised China Estimates 4,069 2.938 915 

2000 * yi:> 

Using Old China Estimates 5,921 4 647 1 176 

Using Revised China Estimates 6,000 4,'726 l,'255 
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Editor's aotc: This table was transmitted from Dr. Samuel Baum, U.S. Bureau of 
the Census, to Dr. Gerald Barney, Global 2000 Study Director, on April 9, 1980. 



3/28/80 



Population for World, Major Regions and Selected Countries In the Year 2000 as Prepare* 
for the Global 2000 Report and as Revised by Substitution of New Projections \ 

for Eight Countries 

(Population In millions) 





High Series 


Medium Series^ 


Low Series 




Region and countries 


As prepared 
for Global 
2000 Report 


MS rev 1 seo oy 
substitution of 
new projections 


Difference 


for Global 
2000 Report 


As revised bv 
substitution of 
new projections 


D1 f f erence 


As prepared 
for Global 
2000 Report 


As revised by 
substitutional 
new projections 


D1 f ference 

i 


WORLD 


£ 707 






6,350 


6,175 


-175 


5,921 


5,799 


-1ZZ 


More Developed 


1,377 


1,377 


0 


1 ,323 


1,323 


0 


1 ,274 




0 


Less Developed 


5,420 


5,420 


-277 


5,027 


4,852 


-175 


4,647 


4,525 


-122 


Less Developed 
^Inus Mainland 
Ch'na 


3,952 


3,952 


-234 


3,698 


3,568 


-130 


3,471 


3,32* 


-87 


Mainland China 


1,468 


1,425 


-43 


1,329 


1,284 


-45 


1,176 


1,141 


-35 


India 


1,142 


995 


-147 


1,021 


959 


-62 


974 


922 


-52 


Indonesia 


236 


230 


-6 


226 


224 


-2 


209 


220 


11 


Thailand 


31 


78 


-3 


75 


72 


-3 


69 


66 


-3 


Korea, Republic of 


62 


61 


-1 


57 


56 


-1 


54 


54 


0 


Pakistan 


156 


156 


0 


149 


152 


3 


144 


147 


3 


Brazil 


241 


198 


-43 


226 


190 


-36 


214 


183 


-31 


Mexico 


141 


107 


-34 


131 


102 


-29 


110 


96 


-14 


SUM of 8 countries 
shown 


3,526 


3,250 


-276 


3,214 


3,039 


-175 


2,950 


2,828 


-122 



NOrE: The new projections for the eight countries do not take Into account international migration as was the case for all the countries included in 
the Global 2000 report. 
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clSSS^SSfJ^ Severa, . tab,es r char " spared by the Bureau of the 
census. They compare the assumptions made by the Bureau of the Census and the 

cSS U S!i and !r i,y S / Udy (Universi,y of ChLgo) in S p ?ng n 

Global 2000 projections. In general, the Community and Family Study Center's 

rrx ,o " srefle ? a c r iction ,hat pub,ic »*» ** ™m ^ *™ ZZ 

1. n d o.™r l.rt 51 "" 8 " fami,y . p,annin « P«*™ and th,t family plan- 
ning programs will be effective in reducing fertility rates quickly. 
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Comparison Between U.S. Bureau of the Census and Universitv of Chicago Data on 

Total Fertility Rates, 1970 to 2000 



Total Fertility Rates 







1975 


20C0 


Percent of 
difference 


Absolute 
difference^ 


Percent 
1975- 


Change 
-2000 3 


Area and series 


Census 


Chicago 


Census 


Chicago 


1975 


2000 


1975 


Census 


Chicago 


World 


High 

Medium 

Low 


4.5299 
4.2654 
3.9942 


NA 
NA 
NA 


3.9189 
3.3098 
2.7546 


NA 
NA 
NA 


NA 
NA 
NA 


NA 
NA 
NA 


NA 
NA 
NA 


-13.5 
-22.4 
-31.0 


NA 
NA 
NA 


Africa 


High 

Medium 

Low 


6. ll 847 
6.J524 
6.3146 


5.2800 
5.2800 
5.2800 


5.6424 
5.0156 
4.0436 


3.7630 
3.5355 
3.2460 


+17.3 
+16.9 
+16.4 


+33.3 
+29.5 
+19.7 


+1.1047 
+1.0724 
+1.0346 


-11.6 
-21.0 
-36.0 


-28.7 
-33.0 
-38.5 


Asia and Oceania 


High 

Medium 

Low 


5.3501 
4.8865 
4.4170 


4.2015 
4.2015 
4.2015 


3.8829 
3.2238 
2.7163 


2 . 0005 
2.0005 
1.9000 


+21.5 
+14.0 
+ 4.9 


+48.5 
+37.9 
+30.1 


+1.1486 
+0.8650 
+0.21550 


-27.4 
-34.0 
-38.5 


-52.4 
-52.4 
-54.8 


Latin America 


nign 

Medium 

Low 


5.3992 
5.2679 
5 1030 


4.4225 
4.4225 


4.4952 
3.6391 
2.8949 


2.5475 
2.9145 
1.8285 


+18.1 
+16.0 
+13.3 


+43.3 
+19'.9 
+36.8 


+0.9767 
+0.8454 
+0.6805 


-16.7 
-30.9 
-43.3 


-42.4 
-34.1 
-58.7 


U.S.S.R. and 
Eastern Europe 


High 
, Medium 
Low 


2.3700 
2.3700 
2.3700 


2.4840 
2.4840 
2.4840 


2.6719 
2.2659 
1.S620 


1.9995 
1.8995 
1.8000 


- 4.8 
-4.8 

- 4.8 


+25.2 

+16.2 

+ 3.3 


-0. 1140 
-0.1140 
-0.1140 


+12.7 
- 4.4 
-21.4 


-19.5 
-23.5 
-27.5 


Northern America, 
Western Europe, 
Japan, Australia, 
and New Zealand 


High 

Medium 

Low 


1.9703 
1.9697 
1.9695 


NA 
NA 
NA 


2.5328 
2.1751 
1.8559 


NA 
NA 
NA 


' NA 
NA 
NA 


NA 
NA 
NA 


NA 
NA 
NA 


+28.5 
+10.4 
- 5.8 


NA 
NA 
NA 


Selected Countries 
and , Regions 






















People's Republic 
of China 


High 

Medium 

Low 


5.1710 
4.1280 
3.0830 


3.1995 
3.1995 
3.1995 


3.0750 
2.5620 
2.0500 


2.0000 
1.8990 
1.7995 


+38.1 
+22.5 
- 3.8 


+35.0 
+25.9 
+12.2 


+1.9815 
+0.9285 
-0.1165 


-40.5 
-37.9 
-33.5 


-37.5 
-'•0.6 
-43.8 



India 



80 



High 

Medium 

Low 



5.3000 
5.3000 
5.3000 



5.4985 
5.4985 
5.4985 



5000 
4999 
0000 



">.2055 
2.8860 
2.4705 



- .3.7 

- 3.7 

- 3.7 



+28.8 
+17.5 
+17.7 



-0.1985 
-0.1985 
-0.1985 



-15.1 
-34.0 
-43.4 



-41.7 
-47.5 
-55.1 
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Comparison between U.S. Bureau of the Census and Uni .rsity of Chicago Data on 
Totax Fertility Rates, 1970 to 2000 (continued) 



Area and series 



Indonesia 



Bangladesh 



Pakistan 



Philipoines 



Thailand 



South Korea 



Egypt 



Niger 1 



Brazil 



High 

Medium 

Low 

High 

Medium 

Low 

High 



Total Fertility Rates 



1975 



2000 



Percent of Absolute Percent Change 

difference 1 difference 2 1975-200Q3 



Census Chicago Census Chicago 



5.3235 
5.3235 
5.3235 

6.9999 
6.9999 
6.9999 

6.9000 



Med ium 


6.9000 


Low 


6.9000 


U -f r»k 

nign 


5. 3995 


neu ium 


5. 0705 


Low 


4. 7995 


High 


5.1675 


Medium 


5.0500 


Low 


4.9000 


High 


3.9251 


Medium 


3.7889 


Low 


3.4099 


High 


5.8190 


Medium 


5.81"0 


Low 


! ".81'>0 


High 


6.6999 


toed ium 


b.7000 


Low 


6,6999 


High 


5.7800 


Med ium 


5.7255 


Low 


5.5500 



1975 



2000 



1975 Census Chicago 
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5.1185 
5.1185 
5.1185 


4.0000 
3.5000 
2.4995 


2.3325 
v 2.3325 
1.8985 


6.5780 
6.5780 
6.5780 


5.0000 
4.2500 
3.5000 


4.5035 
4.0865 
3.4110 


6.2650 
6.2650 
6.2650 


5.0000 
4.2500 
3.5( X> 


4.1695 
3.5830 
3.0535 


5.5050 
5.5050 
5.5050 


3.7995 
3.1995 
2.5000 


2. 5265 
2.5265 
2.0375 


4.8500 
4.8500 
4.8500 


3.9000 
3.1000 
2.4000 


2.C*60 
2.0360 
1.8000 


3.5805 
3.530!/ 
3.5805 


3.1000 
2.5000 
2.1275 


1.9000 
1.9000 
1.8000 


5.2095 
5.2095 
5.2095 


4.6001 
3.6000 
2.6000 


2.9855 
2.5955 
2.1820 


6.6995 
6.6995 
£.6995 


6.37:u 
5.9000 
4.9999 


5.7610 
4.7905 
4.4995 


5.1495 
5.1495 
5.1495 


5.0000 
3.9995 
>.5000 


2.9370 
2.5370 
2.1215 



+ 3.9 
+ 3.9 
+ 3.9 

+ 6.0 
+ 6.0 
+ 6.0 



9.2 
9.2 
9.2 



- 2.0 

- 8.6 
-14.7 



+ 
+ 
+ 

+ 
+ 



6.1 
4.0 
1.0 

C.8 
5 5 
5.0 



+10.5 
+10.5 
+10.5 

same 
same 
same 

+10.9 
+10.1 
+ 7.2 



+41.7 
+33.4 
+24.0 



+ 9, 
+ 3. 
+ 2. 



+16.6 
+15.7 
+12.8 

+33.5 
+21.0 
+18.5 

+47.8 
+34.3 
+25.0 

►38. 7 
+24 . 0 
-15.4 

+35.1 
+27.9 
+16.1 

+ 9.6 
+18.8 
same 

+41.3 
f36.6 
+39.4 



+0.2050 
+0.2050 
+0.2050 

+0.4219 
+0.4219 
+0.4219 

+0.6350 
+0.6350 
+0.6350 



-24.9 
-34.3 
-.53.0 

-28.6 
-39.3 
-50.0 

-27.5 
-38.4 
-49.3 



-54.4 
-54.4 
-62.9 

-31.5 
-37.9 
-48.1 

-33.4 
-42.8 
-51.3 



-0.1055 
-0.4345 
-0.7050 


-29.6 
-36.9 
-47.9 


-54.1 
-54.1 
-63.0 


+0.3175 
+0.2000 
+0.0500 


-24.5 
-38.6 
-51.0 


-58.0 
-58.0 
-62.9 


+0.3446 
+O.2084 
-0.1706 


-21.0 
-34.0 
-37.6 


-46.9 
-46.9 
-49.7 


+0.6095 
+0.60S5 
+0. >09i 


-20.9 
-38.1 
-55.3 


-42.7 
-50.2 
-58.1 


same 
same 
same 


- 4.8 
-11.9 
-25.4 


-14.0 
-2c 5 
-32.8 


•10.6305 
+0.5760 
+0.4005 


-13.5 
-30.1 
-36.9 


-43.0 
-50.7 
-58.8 
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Comparison between U.S. Bureau of the Census and University of Chicago Data on 
Total Fertility Rates, 1970 to 2000 (continued) 



Total Fertility Rates 



3?75 



2000 



Percent of 
difference* 



\bsolute , 
dif f erence i 



Percent Change 
1975-2000 3 



Area and series 


Census 


Chicago 


Census 


Chicago 


1975 


2000 


1975 


Census 


Chicago 


Mexico 


High 

Medium 

Low 


6 7005 
6.3600 
5.9120 


6 1330 
6.1330 
6.1330 


4. 7000 
4.0005 
3.0000 


3.9560 
3.4290 
2.8975 


+ 8.5 
+ 3.6 
- 3.7 


\ 

+15.8 
+14.3 
+ 3.4 


+0.5675 
+0.2270 
-0.2210 


-29.9 
-37.1 
-49.3 


-35.5 
-44.1 
-52.8 


United States 


High 
1 tedium 
Low 


1. 7705 
1.7705 
1.7705 


1 8175 
1.8175 
1.8175 


2.6890 
2.0955 
1.6935 


2.0210 
1.9190 
1.8185 


_ 2.7 

- 2.7 

- 2.7 


8 

t ,.4 
- 7.4 


-0.0470 
-0.0470 
-0.0470 


+51.9 
+18.4 
- 4.3 


+11.2 
+ 5.6 
constant 


USSR 


High 

Medium 

Low 


2 4055 
2.^055 
2.4055 


2.4165 
2.4165 
2.4165 


2 .6610 
2.2575 
1.8540 


2 .0270 
1.8990 
1.8010 


- 0 5 

- 0.5 
-05 


+23.8 
+15.9 
+ 2.9 


-0. 0110 
-0.1100 
-0.1100 


+10.6 
- 6.2 
-22.9 


-16.1 
-21.4 
-25.5 


Japan 

• 


High 

Medium 

Low 


1.9245 
1.9245 
1.9245 


2.1590 
2.1590 
2.1590 


2.3000 
2 . 1000 
^.8000 


2.0000 
1.8995 
1.7995 


-12.2 
-12.2 
-12.2 


+13.0 
+ 9.5 
same 


-0.2345 
-0.2345 
-0.2344 


+ 19.5 
+ 9.1 
- 6.5 


- 7.4 
-12.0 
-16.7 


Eastern Europe 


High 

Medium 

Lew 


2.2700 
2.2700 
2.2700 


NA 
NA 
NA 


2 . 6800 
2.2699 
1.8700 


NA 
NA 
NA 


NA 
NA 
NA 


NA 
NA 
NA 


NA 
NA 
NA 


+18.1 

constant 

-17.6 


NA 
NA 
NA 


Western Europe 


High 

Medium 

Low 


2.0220 
2.0220 
2.0220 


2.2045 
2.2045 
2.2045 


2.4199 
2.2070 
1.9590 


2.0000 
1.9000 
1.7995 


- 9.0 

- 9.0 

- 9.0 


+17.4 
+13.9 
+ 8.1 


-0.1825 
-0.1825 
-0.1825 


+19.7 
+ 9.1 
- J.l 


- 9.3 
-13.8 
-18.4 


^Calculated at 


U.S. Bureau of the 


Census: 


Census fig. 


re - Chicago figure 


x 100 - percent difference. 
- absolute difference. 




Calculate at 


U.S. Bureau of the 


Census: 


Census figure 
Census figure - Chicago figure 




3 

Calculated at 


U.S. Bureau of the 


Census : 


2000 figure 


- 1975 figure 


100 » percent change 


1975-2000 












1975 


figure 







q Source : U.S. Bureau of the Census and University of Chicago printouts for World Projections, October 13 f 1977. 
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TFR Projected Total Fertility Rates for People's Republic of China 
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Projected Total Fertility Rates for India, 1975-2000 
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»xe: U, S. Bureoj of the Census, Population Division 
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TFR Projected Total Fertility Rates for Asia and Oceania, 1975-2000 
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2 The Population Sector 
(Agency for International Development/Community and Family Study Center) 

Introduction 



As was noted in the iiaroduction to Chapter 1, the 
Popu ttion Office of the U.S. Agency for International 
Development (AID) requested that the Global 2000 Study 
include not only projections by the U.S. Bureau of the 
Census, but also projections by the Community and Fam- 
ily Study Center (CFSQ at the University of Chicago. 
AID was interested in including the CFSC projections 
because they arc based on a model that assumes the rapid 
introduction of family planning programs throughout the 
world and assumes that family planning programs will 
be highly effective in reducing fertility rates. While the 
CFSC projections thus strongly violate the basic policy 
assumption of the Global 2000 Study— continuation of 
present policies*— they were included as an indication of 
what might be expected from policy changes that strongly 
favored family planning programs around the world. 

Only a limited amount of methodological material was 
available from CFSC at the time the Global 2000 anal- 
ysis was in progress. The first material available was a 
paper presented at a meeting in the CFSC offices on Sep- 
tember 28, 1977. This paper, which is reproduced here, 
provides a general statement of the CFSC methodology. 
Later, the CFSC provided a further, more specific 
methodological statement, which also is presented here. 



•The projections by the Bureau of the Census also violate this assump- 
tion by anticipating policy shifts favoring more family planning. The 
Census projections, howevct, assume a less pronounced increased 
family planning. 



After the Global 2000 methodological analysis was 
completed, Paul Demeny, editor of the Population and 
Development Review, wrote and published a commen- 
tary on the CFSC methodology an4 projections in the 
March 1979 issue of his journal. A reply by Donald J. 
Bogue and Amy O. Tsui, the developers of the CFSC 
methodology, was published later in the same journal, 
along with a rejoinder by Paul Demeny. These materials 
are not reprinted here, but readers wanting further in- 
formation on the CFSC methodology and projections 
will be interested in this exchange. 1 

Finally, the CFSC prepared a few comparisons be- 
tween their own projections and those of Census. Dr. 
Amy O. Tsui provided these comparisons in her letter of 
October 31, 1977, to Dr. Baum, which is reproduced 
here. The Census and CFSC methodologies are general- 
ly similar, except on the critically important matter of 
projecting fer ility rates. The differences are seen clearly 
in the CFSC comparisons. 



Refertaces 

i Paul Demeny, "On the End of the Population Explosion/ 1 Popu- 
lation and Development Review (New York, Population Council), 
March 1979, pp. Mi~62; Donald J. Bogue and Amy O. Tsui, "A Reply 
to Paul Demeny's 'On the End of the Population Explosion, * " ibid.. 
May 1979, pp. 479-94; Paul Demeny, "On the End of the Population 
Explosion: A Rejoinder/' ibid.. May 1979, pp. 495-504. 
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A PREDICTION OF WORLD FERTILITY TRENDS DURING 
THE NEXT ONE HUNDRED YEARS 

r 

Donald J. Bogue and Amy Tsui 
Community and Family Study Center 
University of Chicago 

I 

The Importance of Objectivity in Fertility Prediction 

There is no longer much doubt, that world fertility trends have taken a sudden 
and significant turn during the decade 1965 to 1975. Wherever it: has become possible 
to make a factual measurement of fertility change, almost without exception, it has 
been found that birtn rates have fallen during this period. (A few exceptions appear 
to have occurred in Africa, where declines in mortality and medical corrections for 
infertility have permitted rises in a fertility that was inexplicably low before.) 
The full prevalence of these fertility declines, and their magnitude, will be much 
more measurable as the c /cle of census-taking about 1980 to 1981 begins to yield new 
data. Meanwhile, the results of the World Fertility Survey, occasional censuses, 
and other surveys are providing an increasingly impressive body of evidence that 
world birth rates are declining much more rapidly than demographers have dared to 
expect. This decline appears to be worldwide. The less developed countries are 
shoving dramatic fertility declines, while many developed countries are possibly 
below replacement levels of fertility with aJmost unanimous impunity. 

It is now quite firmly established by research chat the rate of fertility decline 
in less developed countries is influenced, by more than any other single factor, by 
the amount and quality of organized family planning programs in the country. Countries 
which have well-funded programs witn nationwide coverage have tended to experience a 
significantly more rapid decline than nations which have smaller programs or only 
limited coverage. The full extent of this relationship between family planning efforts 
and fertility decline is still In the process of study. However, pioneering studies 
by K.C. Zachariah of the World Bank 1 and Parker Mauldin of the Population Council 2 
leave little doubt that the effect is statistically signifant and substantial. Inas- 
much as most specialists who are working in the area of family planning programs 
believe that there are very few, truly well organized programs with full coverage, 
there are good prospects that the potential effects of family planning programs are 
substantially greater than those that can be measured with current data. 

This discovery, that high fertility is responsive to direct intervention programs, 

is most heartening to a world that is accustomed to bad news concerning the future of 
- _ 

^bldln, W. Parker and Befelson, Bernard. Cross-Cul ;ural Review of the Effec- 
tiveness of Family Planning Programs . IUSSP Proceedings^ Mexico City, 1977. 
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the human race. It would be possible to accept this information in crude form, to 
dismiss the population explosion as 4 nightmare that faded with the dawn of modern 
communication and contraception. To do so would, of course, run the risk of a serious 
miscalculation of the problems that lie ahead . There is still an urgent need to com- 
pute, as carefully as possible, population projections for each individual country 
and to compare the projected growth trends in that country with its program for social 
and economic development. 

Demographers who had long been accustomed to the doctrine of ultimate demographic 
catastrophe via the Malthusian route have been especially resistant to over-optimism 
at the revelation of the news concerning fertility decline. They have tended to see 
each instance as a unique event, caused by a combination of factors that may not 
occur frequently throughout the world. Even when they admit the influence of family 
planning programs, they tend to assert that these programs are effective only under 
certain special circumstances. Following are some examples of hypotheses they have used: 

lm The "isl and or peninsula" hypothesis . According to this hypothesis, fer- 
tility declines rapidly only in countries which are comprised of small islands or are 
peninsulas. Examples are Taiwan, Mauritius, Japan, Indonesia, Singapore, Hong Kong, 
Malaysia, Costa Rica, etc. Implicit in this hypothesis is the theory that the finite 
nature of their habitat is much more observable and salient to the residents of such 
land forms. 

2. The racial origins hypothesis . This hypothesis asserts that fertility 
declines are much more consistent with the culture and philosophy of people with par- 
ticular racial origins than for other racial groups. For example, populations with 
oriental origins or influence are supposed to be more responsive to family planning 
programs. This explains the declines in Japan, Korea, Taiwan, Hong Kong, Singapore, 
Indonesia, and the comparative slow progress of family planning in Pakistan, Bangla- 
desh, India, and other "brown-skinned" less developed countries. In contrast, the 
African cultures are supposed to be highly pronatalistic and comparatively impervious 
to family planning efforts. 

3. The economic development hypothesis . It is asserted that fertility decline 
cannot take place among a population that is at the very bottom of the heap with 
respect to living standards. Where conditions of life are at the starvation or near- 
starvation level, it is practically impossible, it is claimed, for family planning 
programs to have mv\ of an impact. Under such conditions, infant mortality rates 
tend to be high, traditionalism tends to be rampant, and an atmosphere of fatalistic 
despair pervades the culture, making it insensitive and unresponsive to the life- 
saving solution of contraception that is within its grasp. The list of preconditions 
that are claimed to be necessary before fertility decline can take place is large: 
maternal and child health care, reduction of infant mortality, improved status for 
women, improved nutrition, a national social security and retirement system, and others. 

*• T*he education/literacy hypothesis . The segment of the population that 
practices family planning jiost faithfully and successfully is that segment which is 
literate. Especially important is literacy of the wife. Where there is massive 
illiteracy, family planning programs make small headway because the public cannot get 
the family planning messages, cannot comprehend them if they do arrive, and lacks the 
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mental sophistication to carry out the instructions if they are comprehended. At 
least four years of formal education, and preferably more, are said to be needed to 
foster rapid fertility decline. 

To an objective bystander, this long list of explanations for the recent examples 
of fertility decline resembles the long list of rationalizations that scientists were 
making about the behavior of fire urtil the discovery of oxygen, or about infectious 
diseases before the discovery of microbes and germs. One begins to suspect that 
those who present these explanations are so wedded to one particular theory, the 
Malthusian theory, that they are unable to look dispassionately and objectively at 
the new body of data tha'' is accumulating about fertility declines. 

It would appear chat the science of demography has arrived at a critical point 
in its history. It is confronted with new and unexpected fertility behavior. In- 
stead of clinging desperately to the oJd Malthusian doctrine which has dominated the 
discipline for two centuries, rationalizing it with modifications of increasing number 
and increasing elaborateness, special exceptions and mysterious variables, there is 
need for a willingness to accept new and simplifying theories. 



A theory which explains the recent declines in fertility may be stated as follows: 

When a person becomes convinced that his life conditions can 
be improved, or saved from becoming worse, by curtailing child-bearing, 
that person will tend to do so, provided that he achieves: 

A. Cognitive preparation 

1. has the necessary knowledge, 

2. believes it to be socially acceptable to do so, 

3. believes that the methods to be used are effective and 
that the risks of using them are low, 

4. believes that he is competent to carry out the procedures 
or that they will work for him. 

B. Service 

The devices or materials required for contraception are 
accessible to him, through channels which he trusts and upon 
which he can rely. 

When such a conviction becomes even moderately prevalent among a population and comes 
to be shared with friends and neignbors, it begins to take on the character cf a 
social movement which then becomes a cultural adaptation. 

Slated in aggregate, rather than individual terms, this proposition becomes a 
sociological theory of demographic regulation which states that every society tends 
to keep its vital processes in a state of balance such that population will replen- 
ish losses from death and grow to an extent deemed desirable by collective norms. 



II 



A Theory o f Fer tility: Post- 1965 
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These norms are flexible and readjust rather promptly to changes in the ability of 
the economy to support a population. 

The process described above occurs in the manner of all social changes, and is 
gradual or rapid depending upon cultural and other characteristics of the group. 
Although the process may be slower in societies where illiteracy is high, where pre- 
vious norms have been pronatalist, where there is a fatalistic outlook, where death 
rates are high, and where economic conditions are low, this demographic regulation 
can and will eventually take place. 

In the absence of external help, the population will gradually evolve its own 
rationale and procedures. Where conditions are difficult through underdevelopment, 
the process may be greatly accelerated by providing communications which heighten the 
saliency of the issue (motivation) and provide cognitive preparation (component A) 
and service (component B) . This theory has significant derivatives or corollaries, 
as follows: 



(a) Where other services are not available, i but cognitive preparation is present, 
a substantial fraction of the population will make use of abortion, infan- 
ticide, withdrawal, rhythm or other methods, even though the effectiveness 
and reliability may not be high. 

(b) Where services are provided but where cognitive preparation is low, little 
change in fertility will take place. 

(c) Any program which stiraulatss cognitive preparation will result in greater 
demand for the services. 

. (d) Any program which substitutes highly accessible, reliable, and easy-to-use 
methods of contraception for unreliable, dangerous, or unpleasant methods 
will more quickly translate cognitive preparation into actual fertility 
decline. 

(e) Appropriately planned special family planning programs which simultaneously 
strive to provide the twin components of cognitive preparation and family 
planning services that are reliable, convenient, and easy-to-use can greatly 
shorten the length of time required to reduce birth rates. 

(f) The pace of fertility decline in the Aifjre will depend, in large part, upon 
the presence or absence of fertility programs, their "quality" (relevance 
for the existing culture and logistic coverage), and the skill with which 
they are administered. 



Ill 

Assumptions Upon Which to Predict Future Fertility Trends 

If the above theory is accepted, the entire orocess of predicting* the future 
course of human fettility becomes different from that utilized in the past. A sim- 
ple extrapolation of current fertility rates or recent declines in fertility may 
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result in a great over est Nation of future fertility. For the past decade, demograph- 
ers have consistently underestimated the rate of fertility decline, both in developed 
and developing countries, with the result that their population projections are quick- 
ly shown by the course of events to be too high. Instead of making use of simple 
extrapdlative methods, projections must involve anticipated changes in the quantity 
and quality of family planning programs and in the expected effectiveness of their 
efforts. This is the variable which will determine, far more than any other, the 
course of fertility in the developing nations. 

The downward trend in fertility rates in the less developed countries is too 
recent, and the assessment of the part which family planning programs can play in the 
future is too crude and inaccurate to permit precise statements of these assumptions. 
Nevertheless, the need to make population projections is mandatory, and the utiliza- 
tion of such information as is available will yield projections which are an improve- 
ment over those made previously. 

A proposed set of assumptions for making population projections is as follows: 

(a) The process of cognitive preparation is now underway all over the world, 
it is prevalent implicitly if not explicitly in normal communication, and 
is being diffused, to some extent, through both the interpersonal and the 
mass media. 

(b) Irrespective of how negative or pronatalistic a nation's position may be 
today, the fact that high birth rates are highly dysfunctional and contra- 
dictory to the achievement of the goals of national development will pro- 
duce a more permissive if not supportive attitude toward organized family 
planning programs in the near future. Hence, within a decade, substantial 
private if not public family planning systems may be expected to be oper- 
ating everywhere in the world, if they have not already made their appear- 
ance. 

(c) As the efficacy of family planning in ptonoting social an^-economic devel- 
opment becomes more widely appreciated, inputs into this arm of inter- 
national assistance will increase, so that generous aid to any nation 
permitting it will be available. 

(d) Because a large number of professional persons, from many disciplines, are 
working in the family planning area, and because the volume of research 
and verified knowledge is now rapidly accumulating, the effectiveness of 
family planning programs in promoting cognitive preparation will improve 
greatly. Their ability to work rapidly in low-literacy, low- income, rural, 
and "backward" situations will improve. 

(e) Steady improvement in family planning services (the methods available for 
use and the quantity and quality of outlets) will be, made. This process 
is already underway in urban centers throughout the world, and may be 
expected to diffuse rapidly into most rural areas. 
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Thus, the most realistic assumptions that can be made about the future course of 
fertility is that in the future birth rates will fall even more rapidly than they 
have in the recent past in all countries which have high birth rates. In countries 
where birth rates have not yet begun to decline, this process will begin very shortly. 
In countries where birth rate declines have already gained momentum, this trend will 
continue or accelerate. This decline will continue until it reaches levels where 
population growth and economic well-being have been brought into a socially desir- 
able balance. This may include negative growth. 



IV 

The Shape of the Fertility Decline Curve 

The trend of fertility decline in Europe and the United States tended to be a 
gentle, almost linear, downward drift over two centuries, with vicissitudes intro- 
duced by wars, economic booms, depressions, and internal political upheavals. Although 
demographers have not discussed this problem yet, most of their population projections 
assume that the fertility decline curve will be linear; they assume that the trend 
of fertility in developing countries, once a decline sets in, will also follow a 
linear path. The usual assumption is that a specified rate of decline will begin at 
the base date or some future, designated, date and continue at a fixed rate until 
the terminal date. Both the theory of social change and the empirical evidence 
from the countries where such declines have taken place suggest that this is an impro- 
per assumption. 

It is proposed here that the shape of the fertility decline curve during the 
next century will follow that of a "reverse S" (see Figure 1). This curve has four 
phases: 

(a) Slow takeoff /acceleration . 

(b) Rapid mid-period descent toward replacement levels , 

(°) Rapid deceleration with a decline to below replacement levels, 

(d) Return to replacement levels after a period of below-replacement fertility. 

The factors that determine the shape of this curve are not demographic, but sociologi- 
cal. Based on research on the diffusion of many innovations, the process of change 
can be divided into five periods: 

(a) A "pioneer" phase, in which a few daring persons take a risk and adopt. 

(b) An "early adopter" phase in which the more sophisticated, more change-oriented 
individuals join the pioneers in increasing numbers, realizing that the 

risk is small in comparison with the reward. 

(c) A "mass adoption" phase in which the great bulk of the population joins in 
the adoption, understanding that the risks are small in comparison with 
the reward. 
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(d) A "late adopter state" In which £he more conservative segment of the society 
follows the lead of the majority and adopts. 

(e) A "laggard" phase, in which the most reactionary, distrustful, and inflex- 
ible members gradually conform to what has become a universal practice. 

It is believed that the pattern of fertility decline, even more than most innovations, 
will conform to this sequence. Because adoption of family planning involves both 
social and medical risks (in tho minds of the pioneers and early adopters) it may 
be expected to have a slow take-off, with increasing acceleration as more people adopt. 
One? it becomes an accepted, normal activity, the phase of "ma3s adoption" may be 
expected. As the supply of potential adopters diminishes and only those who have 
opposed family planning on extreme religious, political, moral, or unjustified medi- 
cal bases remain, the pace of decline may be expected to decelerate. 

We believe that the major determinant of the rate of decline in the future will 
therefore be the level of fertility itself. This results from the very close relation- 
ship between the birth rate and the proportion of couples who practice contraception. 
If the birth rate is high, it is expected that the annual decline ' T ill be smaller 
(despite the level of the family planning effort) because under these circumstances 
only a small fraction of the population are contraceptors, the behavior is less soc- 
ially accepted, and those who practice must do so as "pioneers" • As birth rates fall 
to lower levels, a greater percentrge of the piblic practices contraception. Follow- 
ing is an estimate of the proportion of fertile couples of reproductive age who must 
be practicing contraception in order for t>* Mrth rate to be at each of the levels 
specified: 

Percent of f' rtile 
Crude birth rate couples conlracepted 

60 0.0 

55 8.4 

50 16.7 

45 26.5 

40 33.3 

35 41.7 

30 50.0 

25 58.3 

20 66.7 

15 75.0 

10 80.5 

5 91.7 

0 100.0 

Source: Computed from equation 20a, of RFFPI Manual 6, An Empirical Model for Demo- 
graphic Evaluation of the Impact of Contraception and Marital Status on Birth 
Rates, Community and Family Study Center, 1973. p. 32. 
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Thus, when the crude birth rate is 60, there is zero contraception. With each lower 
level of fertility, the prevalance of contraception increases, so that by the level 
of CBR-45, roughly one-fourth of the fertile women are protected by some form' of 
contraception. .This can be via delayed marriage, abstinence, withdrawal, induced 
abortion, rhythm, or some other "folk" method. When CBR-30, one-half of the Women 
are contracepting, and family planning passes from being a minority to a majority 
trait. When CBR-15 (roughly replacement level fertility), three-fourths of all fer- 
tile women are contracepting. It is this passage from deviational behavior to major- 
ity status that causes the pace of fertility decline to increase with declining fer- 
tility. (The proportions reported above assume perfect contraception. Taking into 
account accidental pregnancies resulting from use of unreliable methods and careless- 
nes, the percentage of couples who must actually practice some form of contraception 
or fertility regulation In order to achieve this amount of perfect contraception is 
somewhat greater than the proportions indicated.) 

Studying the above percentages of contraceptive prevalence related to fertility 
levels, we note that at CBR=40 approximately one-third of the couples are practicing 
contraception. This is the point at which, in most adoption research, M early adop- 
tion" gives way to "mass adoption , \ At about this point, therefore, we should look 
for swift fertility declines. This has proven to be the recent experience in many 
parts of the world; once the birth rate sinks into the high thirties it tends to 
descend swiftly into the mid-twenties. We predict it will be come a universal phen- 
omenon in the remainder of this century and the beginning of the next. 

As the replacement level is approached, roughly three-fourths of couples are 
contracepting. Only the most conservative and firmly pronatalist segments remain, 
along with young couples just starting their families. The pressures to reduce fer- 
tility have begun to diminish. Consequently, the pace of fertility decline may be 
expected to decrease. 

If the population has exceeded its resources, and there is genuine and severe 
overpopulation, we may expect birth rates to decline below the replacement level and 
to remain there for a sustained period of time, until population growth has not only 
been brought to zero, but until absolute population decline has reduced the population 
size to an amount more consistent with life-sustaining resources. 

We hypothesize that due to the rapid pace of modernization, religious public and 
political resistance to family planning, and inadequate communication to give the 
public advance warning, most of the developing countries will be severely overpopulated 
by the time they begin to approach the replacement level of fertility (CBR-15). It 
id our prediction, therefore, that they will proceed immediately and directly to 
substantial and sustained below-replacement fertility. They may remain in this state 
for a full quarter or half century until their numbers and resources are ir balance so 
that they can enjoy an improved standard of living. We predict that much of the 
twenty-first century will be one of replacement level or below-replacement level fer- 
tility throughout the world, including most, if not all, of the present high birth 
rate countries of Asia, Latin America, and Africa. 
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V 



Predicted Fertility Trends: 1975 to 2075 



Based on the assumptions stated above, it Is possible to chart out new paths 
for future trends that offer the posslbllty of being more realistic and more likely 
to occur than those used in the past. Actually, there are three basic assumptions: 

(a> The rate of fertility .decline will be directly proportional to the amount 
of family planning effort (on a per capita basis) and the quality of those 
efforts* 

(b) The rate of fertility decline will be a function, "inverse S curve," of 
the birth rate itself. 

(c) Steady but not necessarily spectacular progress will be made in other as- 
pects of economic and social development. This calls for continuation, at 
about present rates, in efforts to reduce infant mortality, promote adult 
literacy, raise the standard of living, and promote community development. 
Progress on all of the fronts has been} underway to some degree In most 
countries for almost a quarter-century (since 1940), and in major propor- 
tions for a decade. Without continued progress along these fronts, the 
assumptions stated above will not operate as predicted. We assume, in other 
words, that rapid fertility decline is not in either economic development 

or family planning programs, but the simultaneous conduct of both. 

Implicit in this are the following corollaries: 

(a) The rate of decline will be roughly the same in all continents, cultures, 
religious groups, or levels of economy. Well-planned and skillfully exe- 
cuted national family planning programs (both in the public information/ 
motivation front and in the provision of convenient, inexpensive, and high 
quality contraceptive service) are progressively capable of overcoming the 
barriers to success that created earlier differentials along these cultural 
and economic lines. This will.be especially true under conditions of econ- 
omic progress. 

(b) The najor determinant in determining the future course of a nation is the 
date at which it sponsors a nationwide family planning program of adequate 
dimension and how sincerely and skillfully that program is carried out. 

If these assumptions and corollaries are accepted as premises for making population 
projections, the question then arises: What rates of fertility decline can realis- 
tically be expected under conditions of organized family planning programs? Based 
# on a study of recent trends in countries where fertility declines have taken place 
in the presence of major family planning programs, we have prepared schedules of 
predicted annual decline (expressed in units of crude birth rate). We assume three 
possible levels of predicted annual decline expected under each of these conditions. 

Table 2 shows the number of years that vou^d be required for a population to 
pass through each range of birth rates, under the three assumptions. For example, 
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in a strong family planning program, it is estimated that the birth rate would de- 
cline from 45 to 40 within 4 years, because the birth rate is expected to decline 
1.25 points per year. A medium strength program would require 6.7 years; a weak 
program would require 15 years. 

At the foot of Table 2 is a summary reporting the number of years that would 
be required to pass through the demographic transition from a CBR-45 to replacement 
level fertility of CBR-15. Under a strong family planning program, under modern 
conditiors, only 18.5 years would be required. Under a moderately strong program, 
a little more than a quarter century would be required (26 years). Under a weak 
program, more than two-thirds of a century (68 years) would be required. 



VI 

Empirical Support for the Predicted Fertility Declines 

Empirical support for the predicted amount of fertility decline to be expected 
during the next century, under alternative conditions of strength of family planning 
effort, are provided from a careful scrutiny of recent fertility declines in devel- 
oping and developed countries. We have worked on the assumption that most family 
planning programs were poorly organized, not well planned, and clumsily executed 
before 1968, and that only fertility trends since that date should be considered as 
typical of the potential that can be expected in future years. 

We have made estimates of the rate of Total Fertility (TFR) as of 1968, inter- 
polating where necessary between adjacent measures. We have made a similar estimate 
for 1975, extrapolating the most recent annual decline where necessary to arrive at 
a consistent date. Where there is no change in fertility, rates for 1968 and 1975 
are, of course identical. (Because we believe the rate of fertility decline to be 
in the acceleration phase in most developing countries, the above procedure tends 
to understate the true amount of fertility decline, rather than exaggerate it.) 

A careful analysis of the changes in fertility, 1968 to 1975, has been made, 
taking into account the level of family planning effort, the continent on which ;:he 
nation is located, and other factors. The results of this analysis strongly support 
the inference that the schedule of fertility declines prescribed For the "moderate 11 
family planning effort could rerdily take place in any country on tearth, given a 
willingness of the national government to sponsor it. Empirical support that the 
more rapid declines prescribed for a "strong" family planning prograbscould be 
achieved in most countries of Asia and Latin America is also ample. (Xit^schedule for 
the "weak" family planning program is more or less an intuitive synthesisStour 
empirical results for "no family planning program" and current weak family plahning 
program efforts. Following is a more detailed description of the analysis and or 
the findings. 

(To Be Completed) 



Editor's note: The CFSC intended originally to edit and expand this paper, but in- 
stead wrote a substantially different paper, which follows. 
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Table 1 

PREDICTED ANNUAL DECLINE IN CRUDE BIRTH RATE, UNDER THREE ASSUMPTIONS OF 
THE STRENGTH OF THE FAMILY PLANNING EFFORT 



Strength of Family Planning Effort 



Crude Birth Pate 


Strong 


Moderate 


Weak 


45 and over 


1.00 


.50 


.25 


40-44 


1.25 


.75 


.33 


35-39 


1.50 


1.00 


.50 


30-34 


1.75 


1.25 


.75 


25-29 


2.00 


1.50 


1.00 


20-24 


2.00 


1.50 


.75 


15-19 


1.50 


1.25 


.50 


10-14 


1.25 


.75 


.33 



Table 2 

NUMBER OF YEARS REQUIRED TO PASS THROUGH THE CRUDE BIRTH RATE INTERVAL 



Strength of Family Planning Effort 



Crude Birth Rate 


Strong 




Moderate 


Weak 


45 and over 










40-44 


4.0 




6.7 


15.0 


35-39 


3.3 




5.0 


10.0 


30-34 


2.9 




4.0 


6.7 


25*-29 


2.5 




3.3 


5.0 


20-24 


2.5 




3.3 


6.7 


15-19 


3.3 


✓ 


4.0 


10. 0 


10-14 


4.0 




6.7 


15.0 



Time required to decline 

from CBR-45 to CBR-15 18.5 26.3 68.4 



102 



9 

ERIC 



PREDICTION FOR THE NEXT 100 YEARS 



91 



45 



40 



I I I r— i 1 i i i i i 



35 - \ 



30 



<0 9 * 
U " 

u 
u 

0) 

•o 20 

9 

O 



15 




\ WEAK F. P. 
\ PROGRAM 



MODERATE 
F. P. PROGRAM 



10 



STRONG F. P. - ^ 

PROGRAM 




J 1 L 



X 



I I I 



10 20 30 U0 50 60 

years after initiation of family planning program 

FIGURE ONE 



70 



103 



POPULATION PROJECTIONS FOR THE WORLD: 1975-2000 
Individual Countries and Regions 
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Editor's »ote: This paper was submitted by the Community and Family Study Center 
(CFSQ to the Global 2000 staff in response to a request for further information on 
the methods and assumptions used by CFSC in developing projections for the Global 
2C00 Study. 
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POPULATION PROJECTIONS FOR THE WORLD: INDIVIDUAL COUNTRIES AND REGIONS, 1975-2000 

Amy Ong Tsui and Donald J. Bogue 
Community and Family Study Center 
University of Chicago 



In order to provide a basis for planning and predicting future needs for food, 
energy, employment, community facilities, and social services, a set of population 
projections has been prepared which reflects the most recent data in world fertility 
and mortality. Three estimates have been submitted, with the objective that they will 
be very likely to "bracket" actual future trends: 

"High" projection The highest population counts that reasonably could be 

expected in future years, given present trends and 
knowledge of underlying factors that are affecting 
those trends; 

"Medium" projection The "best guess" or "most likely" population counts 
, . that could be expected in future years, given present 

^ - v trends* and knowledge of underlying factors; 

"Low" projection The lowest population counts that reasonably could be 

expected in future years, given present trends and 
knowledge of underlying factors that affect them. 

It is expected that the actual .course of future population growth will follow a path 
close to that specilied by the. "medium" projection. If actual trends deviate from, 
this* they are not expected to-be higher than the "high" projections nor lower than 
the "low" projections. 

These projections have been prepared for each of the twenty-six years, 1975 to 
2000. Each projection reports the total population that may be expected, by age 
and sex. Age is specified in terms* of five-year groupings. 

After review and discussion by a panel of experts in population projection, it is 
planned to translate these projections into "functional" projections for school enroll- 
ment , employment, > jd, community facilities, housing, etc. 

The projections are made for every nation of the earth recognized by (he United 
Nations. For the purposes of providing data to the Committee on Environmental Quality 
of the United States, certain of these countries have been summed into regional groupings 

Methodology * The projections have been prepared using a procedure known as the 
"component method" of population projection. Under this procedure, a set of assump- 
tions about the future trend in the three components which determine population 
growth— fertility, mortality, and migration — are scheduled to show exactly what impact 
they would have on population counts. This procedure is, very well known and widely 
accepted by demographers as the most explicit and best procedure for making popula- 
tion projections. It was developed by Warren S, Thompson and P.K. Wbelpton of the 
Scripps Foundation in tht early 1930s, and has become the standard procedure for 
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forecasting population throughout the world. The details of the procedure, together 

£ ?-^5T ter Pr °?y am P0PR ° J WhlCh Carrle8 ° ut the "heduling of anticipated changes 
in fertility, mortality, and migration, are reported in a publication, RFFPI Manual 
±z. • 

Given the fact that the methodology employed in making population projections 
is standardized throughout the world, the difference between one set of population 
projections and another is determined entirely by the differences between four sets 
of d*ta: 

(a) the population count, by age and sex, for the base (beginning) date for 
the projections, 

(b) the age-specific rates of mortality as of the base date and expected for 
future years, 

(c) the age-specific rates of fertility as of the base date and expected for 
future years, 

(d) the age-specific amounts of new migration expected for future years. 

The "specilications" for a eet of population projections consist, therefore, in 
providing details of assumptions about each of the four s°.ts of data. These are 
provided below for the projections reported here. 



Assumptions upon which the Projections are Based 

Mortality. Throughout the world there is a slow but nevertheless steady increase 
in survivorship over mortality. That increase is greatest in developing countries 
where mortality rates have been high, and least in developed countries which have 
already pushed public health ^nd medical technology almost to the limits of their 
life-saving capability. The United Nations has made detailed and careful studies 
of trends in mortality decline, and has pre icted future declines in mortality that 
may be expected, assuming that national and international efforts to provide hen .n 
and medical care to the population continue. These projected declines have been 
carefully reviewed by the World Bank. It has been observed that in recent years the 
declines in mortality hav* not been as great as those anticipated by the United 
Nations in certain countries, especially those classified as "underdeveloped." The 
World Bank, therefore, has rescheduled the expected future mortality (survivorship) 
rates on a somewhat less optimistic basis. In most cases, these revisions have been 
reviewed with the United Nations, and it is expected that future United Nations 
as sumptions will als o reflect the slower progress in mortality reduction encountered 

Donald J. Bogue and Louise Rehling, Techniques for Making Population Projec - 
tions: How to Make Age-Sex Projections by Electronic Computer . Family Planning 
Research and Evaluation Manual Number 12, Chicago: University of Chicago/Community 
and Family Study Center, 1974. 
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In recent years. 

For the projections prepared by the Community and Family Study Center, the 
mortality assumptions of the World Bank have been accepted without change. This 
has been done for two reasons: 



1. The immunity and Family Study Center has no research or data to cast any 
doubt upon the validity of the World Bank's review, and believes the World 
Bank's assessment of mortality trends to be essentially correct. 

2. The impact upon projected future population counts of the mortality com- 
ponent is much smaller than that of fertility. A revision of the World 
Bank's assumptions about mortality could have only a comparatively minor 

' effect upon the population projections. 

Both the United Nations and the World Bank express, mortality in terms of surviv- 
orship ratios based upon model life tables prepared by Ansley Coale and Paul Demeny 
of Princeton's Office of Population Research. There are three such sets of model life 
tables, North, South, and West. Each of these Gets specifies a rate of survivorship 
for a one-yeai period for various levels of mortality, expressed in average expecta- 
tion of life at birth (e°) . Thus, assumptions about future trends in mortality are 
expressed in terms of the future expectation of life at birth, and the age-specific 
survivorship values specified by one of the model life tables for that particular ex- 
pectation-of-life level. We have accepted this procedure without modification. 
Thus, our assumptions about the future course of mortality and our method of conver- 
ting this into the computation of population projections are identical to that proposed 
by the WorW Bank, after reviewing the United Nations mortality projections in the 
light of recent data. 

Migration . For the projections reported V>ere, we assume zero net migration. 
This assumption is approximately valid for most nations of the world, but clearly is 
invalid for several—of which the United States is the most conspicuous. A separate 
projection for the U.S., in which realistic assumptions about future migration are 
incorporated, is submitted for special consideration. At a future date, projections for 
other countries which experience significant amounts of in-migratior or out-migration 
will be prepared. The assumption of zero net migration, for the current series of 
projections, is used more because of lack of valid data (and a lacV. of a basis for 
making assumptions about the future .rend of migration) than because of a belief that 
this component will actually remain zero. 

Fertility . At the national lev ertility has considerably more potential 
for change and hence is more important, chan the other two components of population 
growth. Consequently, the assumptions made about current levels and future trends 
in the birth rate reflect the major determinant of future population growth. The 
"validity" of population projections depends, therefore, primarily upon the assumptions 
made concerning fertility. 

The fertility assumptions made for the present projections rest upon a theoretical 
uase somewhat different from that employed £n previous sets of population projections. 
The detailed argument upon which it is based is reported in an article, "Fertility 
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Trends Over the Next One Hundred Years. "2 The basic premises of this argument are 
as follows: ° 

1. Throughout the entire world, in developed and developing societies, the 

need to reduce the pace of population growth is being increasingly felt. This pressure 
is being manifested both at the aggregate (governmental and policy) level and at the 
l^t flu'S I * f d th6 individual P«3on. Modernization is inherently inconsis- 
tent with high fertility, and high fertility is inherently inconsistent with most of 
the objectives and life-goals being sought by most peoples (literacy, health, higher 
standard of living, better housing, basic luxury commodities, physical comforO. 
Even in nations where this set of pressures has not been officially recognized, they 
are present and mounting in the individual families. Environmental, economic, and 
social pressures will maintain this pressure, and increase it substantially during 
the remainder of this century. 

2. The present pace of economic development and modernization will bring down 
fertility to the replacement level gradually through provision of facilities and 
gradual accumulation of knowledge and motivation. The pace will be somewhat faster 
than that followed by the West (Europe and North America) during the nineteenth and 
early twentieth centuries because of improved communication and improved methods 

of contraception. 

3. The pace of fertility decline is directly influenced by family planning 
programs, organized on a national or regional basis to provide information, motiva- 
tion, and contraceptive services for family planning. The greater the percapita in- 
vestment, the more wholehearted the official support, and the higher the accessibility 
to the entire public of these services, the more rapid will be the decline. 

4. The pace of decline of fertility will be that of a "reverse S" curve. 

When birth rates are high, and family planning programs are in their stages of estab- 
lishment and gaining social acceptance, the pace will be slow. As birth rates sink 
to lower levels, the rate of aecline will accelerate to a maximum point, when the 
Crude Birth Rate is between 38 and 20. In this interval, the pace may be very rapid. 
When the Crude Birth Rate reaches the lower 20s, complete saturation of contraception 
is being approached. Only young people still starting their families and a residue 
of reactionary "late adopters" will remain to be convinced about the need for fertil- 
ity decline. At this point, fertility decline continues, but at a decelerating rate. 

5. Those countries which now have no family planning programs may be expected 
to begin at least weak (partial) programs within the very near future. Nations which 
presently have weak or moderate family planning programs may be expected to strengthen 
them substantially. By the end of the century, every nation on earth may be expected 
to have at least some kind of a substantial family planning effort (either public or 
private or both) and these programs may be expected to have a substantial impact in 



2 

Donald J. Bogue and Amy Ong Tsui, "Fertility Trends Over the Next One Hundred 
Years, " unpublished manuscript, to be submitted to a professional journal. 
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reducing fertility faster than otherwise would be the case. 

Table 1 represents an effort to operationalize the above five points. The 
right hand column specifies the estimated annual decline in the Crude Birth Rate that 
may be expected in the future on the basid of modernization alone, with no special 
efforts at providing family planning information and services. The anticipated 
downward trend is almost linear, with a one-point decline in the Ciude Birth Rate every 
4 or 5 years. Under this set of conditions, it would require about 135 years for 
a population to make the demographic transition from a Crude Birth Rate of 45 to 
the replacement level ot about 15 per thousand. 

The extreme left column of Table 1 specifies the annual decline in the Crude 
Birth Rate that may be expected in the presence of a strong, well-financed, well- 
organized, and well-administered family planning program that reaches the entire pop- 
ulation, both urban and rural, in a sustained way. Under these conditions, it is 
estimated that the annual rates of decline are two to four times those that would 
occur in the absence of a program. This acceleration in the pace of decline is esti- 
mated to be able to bring about a complete demographic transition from a Crude Birth 
Rate of 45 to a CBR of 15 within a span of about 38 years, or about one-fourth the 
time that would be required in the absence of a family planning program. 

The assumptions of Table 1 were converted to predicted annual declines for indi- 
vidual countries and regions of the world by using the following assumptions: 

1. Each country is classified into one of four categories, according to the 
level of its family planning program effort: "Strong," "Moderate," "Weak," or "None." 

2. The high estimate assumes that each country will maintain its present family 
planning status, and will follow out the schedule of changes indicated for that 
status by Table 1. This yields a set of anticipated annual changes in the Total 
Fertility Rat e that would be expected under this set of assumptions. (Table 2 is ex- 
pressed in terms of Total Fertility Rate instead of Crud j Birth Rate because that is 
the unit of measure usually employed in the population projection procedure. It es- 
capes several methodological difficulties pertaining to age composition, sex ratios, 
and interaction between fertility and mortality.) Each cell of Table 2 reports the 
number 6t fewer children 1000 women would bear each year, under conditions of strong, 
moderate, weak, or no family planning prograr r according to the level of the birth 
rate in that year. (The level of fertility is expressed both in terms of Crude Birth 
Rate and Total Fertility Rate, for convenience in interpretation.) 

3 # The medium projections (deemed most likely to take place) assumes that the 
schedule of fertility declines shown in Table 1 will occur, but that in addition, 
the respective nations will strengthen their family planning programs as follows: 

(a) Nations which presently have no family planning program will remain in that 
status for five years (until 1980), and then linearly trend toward a weak 
program by 1985. They will then trend toward a "moderate" family planning 
program by 1990 and a "strong" family planning program by the year 2000. 

(b) Nations which presently have a moderate family planning program will remain 
in that status for five years, and then will trend toward a strong family 
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planning program by 1990 and reamin in that status until the year 2000. 

(C> iTlZl -?^ h P " 8er fy tav « " 8trbn 8" family Panning programs will remain 
in that status for the entire span of time. 

Table 3 schedules out the annual decline in the Tot* I Fertility Rate exoected „nH*r 

Ta H bl 8 e e T,^ 1 f th68e t8bleS the — --Lg « tLTs at d^ or 

Table 2. However, the table is more complex (has more panels) because a seoarate 

£££ Z*l ^^fr aCC ° rd . ing t0 the Pre86nt level ° f the natl 6 ^! family^ ling 
effort, and a schedule must be made for each five-year period, 1975-2000. 

a ■ueh'.r Ji"' ^ P l; 0 1 e ' tlon8 < deemed le8S likely but nevertheless possible) assumes 
a much greater family planning effort than for the medium projections. It assumes 
that the respective nations will strengthen their family pfenning programs L Allows: 

U) "ttVTl Whl H h V™ 8 ™ 1 ? ^ no famll y Planning programs will linearly 
trend toward a "weak" program by 1985, a "moderate" program by 1990 and 
a strong program by the year 2000. 

<l>) U^?v WhiCh P" 8 " ntly ha ? a " mode «te" family planning program will trend 
In IT * -rfjai Caollv Planning program by 1980 and will remain 

in that status until 2000. 

(c) Nations which presently have a "strong" family planning program will remain 
in that status for the entire span of time, but the efficacy of the program 
will improve linearly from its present thrty-eight years for transition 
time to one-half that amount (to nineteen years), equivalent to doubling 
the coefficients in Table 1 for the "strong" program. 

Kininimum allowable fertility IpvpI*. When carried out mechanically, some of 
these assumptions (especially the "low" projections) will call for birth rates that 

(raR^U ll ™ ?if" a88Umed ^ Wh6n bilCh " teS appr ° ach the "Placement levels 
fSflTfi! 7 ^ 2 ; ) ' u he " w111 be a H° wed nc str °nger resistance to further 
fertility decline. The birth rates will be allowed to sink to a minimum level and 

tLH TT < ha V hey WiU rCmain at thl8 level for the remainder of the century. 
These minimum levels are as follows: 

For high projections, TFR - 2000 (CBR of about 14) 

For medium projections, TFR - 1900 (CBR of about 13.5) 

For low projections, TFR - 1800 (CBR of about 13). 

Thus, the medium and low projections permit fertility to sink somewhat below replace- 
ment levels and remain there indefinitely. 

Nations which are curren tly below replacement levels . The nations of Western 
Europe and North America are already below replacement. It is anticipated that they 
will remain in this state for a period of ten years and will then trend linearly 
toward replacement by the year 2000; for medium and low projections* the rates trend 
linearly toward 1900 and 1800 respectively. As these countries reach a stage of 
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absolute zero growth, it is expected that systems of subsidies and other inducements 
will be launched which will seek to encourage fertility. 



These projections, and the basic theory which underlies them, are fully consis- 
tent with the most recent data concerning birth declines. However, it must empha- 
sized that these projections are based upon the assumption that there will be a con- 
tinuing well-financed and well-sponsored program of international assistance to 
developing countries over the next quarter century. It is expected that these programs 
will expand to cover all nations, and will improve within each nation. If that is 
carried out, it is believed that the projections will follow the course specified 
by our "medium M projections, or even deviate downward towards the "low" projections. 
If it is neglected, weakened, or rendered ineffective by too much dilution with other 
programs, the course of birth trends will veer sharply upward towards the "high" 
projections, and if the program is discontinued or substantially weakened, it can 
exceed the "high" projections. 



Conclusion 
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Table 1, 

ESTIMATED ANNUAL DECLINES IN CRUDE BIRTH RATE AND TOTAL FERTILITY RATE 
FOR VARIOUS STRENGTHS OF FAMILY PLANNING EFFORT 



CRUDE BIRTH RATE 



45 and over 

40-44 

35-39 

30-34 

25-29 

20--24 

15-19 

13-14 



Strong 



STRENGTH OF FAMILY PLANNING EFFORT 



Moderate 



Weak 



Annual Declines in Crude Birth Rate 



.40 


.333 


.25 


.60 


.50 


.30 


.80 


.667 


.40 


1.00 


.75 


.50 


1.00 


.667 


.40 


.80 


.50 


.30 


.60 


.333 


.25 


.40 


.25 


.15 



None 



.20 
.20 
.25 
.25 
.25 
.20 
.20 
.15 



40-44 
35-39 
30-34 
25-29 
20-24 
15-19 

Tine required to 
decline from CBR-45 
to CBR-15 



8.0 
6.0 
5,0 
5.0 
6.0 
8.0 



38.0 



Annual Declines. in Total Fertility Rate 



10.0 
8.0 
7.0 
8.0 
10.0 
15.0 



58.0 



17.0 
12.0 
10.0 
12.0 
17.0 
20.0 



88.0 



.25 
.25 
.20 
.20 
.25 
.25 



1.35 
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Table 2. High Estimate 



ESTIMATED ANNUAL DECLINES IN TOTAL FERTILITY RATE BY LEVEL OF 
FERTILITY AND STRENGTH OF FAMILY PLANNING PROGRAM 



STRENGTH OF FAMILY PLANNING PROGRAM 

Fertility level 



TFR 


CBR 


Strong 


Moderate 


Weak 


None 


6245 and over 


45 


55.18 


45.52 


34.49 


27.59 


5*56-6244 


40-44 


82.76 


68.97 


41.38 


27.59 


4866-5555- 


35-39 


110.35 


92.42 


55.18 


34.49 


4176-4865 


30-34 


137.94 


103.46 


68.97 


34.49 


3487-4175 


25-29 


137.94 


92.42 


55.18 


34.49 


2797-3486 


20-24 


110.35 


68.97 


41.38 


27.59 


2107-2796 


15-19 


82.76 


45.52 


34.49 


27.59 


1899-2106 


13-14 


55.18 


34.49 


20.69 


20.69 
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Tcjle 3. Medium Estimates 

ASSUMED ANNUAL DECLINES IN TOTAL FERTILITY RATE BY LEVEL *F FERTILITY 
AND STRENGTH OF FAMILY PLANNING PROGRAM, UNDER PATTERN Or " 
IMPROVING FAMILY PLANNING PROGRAMS ASSUMED FOR MeJiUM 
(MOST LIKELY) PROJECTIONS J 







A. STRONG FAMILY PLANNING 


PROGRAM IS 1975 




Fertility level 
TFR 


1976-1980 


1981-1985 


1986-1990 


1991-1995 


1996-2000. 


6245 and over 

5556-6244 

4866-5555 

4176-4865 

3487-4175 

2797-3486 

2107-2796 

1899-2106 


55.18 
82.76 
110.35 
137.94 
137.94 
110.35 
82.76 
55.18 


55.18 
82.76 
110.35 
137.94 
137.94 
110.35 
82.76 
55.18 


55.18 
82.76 
110.35 
137.94 • 
137.94 
110.35 
82.76 
55.18 


55.18 
8Z.76 
110.35 
137.94 
137.94 
110.35 
82.76 
55.18 


1ft 

82.76 
110.35 
137.94 
137.94 
110.35 
82.76 
55.18 






B. MODERATE FAMILY PLANNING PROGRAM IN 1975 




Fertility level 
TFR 


1976-1980 


1981-1985 


1986-1990 


1991-1995 


1996-2000 


6245 and over 

5556-6244 

4866-5555 

4176-4865 

3487-4175 

2797-3486 

2107-2796 

1899-2106 


45.52 
68.97 
92.42 
103.46 
92.42 
68.97 
45.52 
34.49 


48.28 
73.11 
97.94 
114.49 
107.59 
82.76 
57.93 
41.38 


51.04 
77.25 
103.46 
125.53 
122.77 
96.56 
70.35 
48.28 


55.18 
82.76 
110.35 
137.94 
137.94 
110.35 
82.76 
55.18 


*mc i Q 
^fj • 10 

82.76 
110.35 
137.94 
137.94 
110.35 
82.76 
55.18 






C WEAK FAMILY PLANNING PROGRAM IN 1975 




Fertility level 
TFR 


1976-1980 


1981-1985 


1986-1990 


1991-1995 


1996-2000 


6245 and over 

5556-6244 

4866-5555 

4176-4865 

3487-4175 

2797-3486 

2107-2796 

1899-2106 


34.49 
41.38 
55.18 
68.97 
55.18 
41.38 
34.49 
20.69 


38.62 
49.66 
67.59 
80.00 
67.59 
49.66 
38.62 
24.83 


42.76 

59.31 

80.00 , 

91.04 

80.00 

59.31 

42.76 

28.97 


45.52 
68.97 
92.42 
103.46 
92.42 
68.97 
45.52 
34.49 


51.04 
75.87 
100.70 
120.00 
114.49 
89.66 
64.83 
44.14 
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Table 4. Low Estimates 

ASSUMED ANNUAL DECLINES IN TOTAL FERTILITY RATE BY LEVEL OF FERTILITY 
AND STRENGTH OF FAMILY PLANNING RPOGRAM, UNDER PATTERN OF 
IMPROVING FAMILY PLANNING PROGRAMS ASSUMED FOR LOW 
(POSSIBLE BUT ATTAINABLE ONLY UNDER STRONGEST 

POSSIBLE FAMILY PLANNING EFFORT) PROJECT / 



A. STRONG FAMILY PLANNING PROGRAM IN 1975 

Fertility level 



TFR 


1976-1980 


1981-1985 


1986-1990 


1991-1995 


1995-2000 


6245 and over 


55.18 


68.97 


82.76 


96.56 


110.36 


5556-6244 


82.76 


103.46 


124.15 


144.84 


165.53 


4866-5555 


110.35 


137.94 


165.53 


193.12 


220.70 


4176-4865 


131.94 


172.43 


206.91 


241.40 


273.88 


3487-4175 


137.94 


172.43 


206.91 


241.40 


275.88 


2797-3486 


110.35 


137.94 


165.53 


193.12 


220.70 


2107-2796 


P2.76 


103.46 


124.15 


144.84 


165.53 


1899-2106 


55.18 


68.97 


82.76 


96.56 


110.36 



B. MODERATE FAMILY PLANNING PROGRAM IN 1975 

Fertility level 



TFR 


1976-1980 


1981-1985 


1986-1990 


1991-1995 


1996-2000 


6245 and over 


45.52 


55.18 


67.59 


80.00 


92.42 


5556-6244 


68.97 


82.76 


100.70 


118.63 


137.94 


4866-5555 


92.42 


110.35 


135.18 


160.00 


184.84 


4176-4865 


103.46 


137.94 


161.39 


184.84 


206.91 


3847-4175 


92.42 


137.94 


153.11 


168.29 


184.84 


2797-3486 


68.97 


110.35 


120.00 


129.66 


137.94 


2107-2796 


45.52 


82.76 


85.52 


88.28 


92.42 


1899-2106 


34.49 


55.18 


59.31 


64.83 


68.97 



C. WEAK FAMILY PLANNING PROGRAM IN 1975 

Fertility level 



TFR 


1976-1980 


1981-1985 


1986-1990 


1991-1995 


1996-2000 


6245 and over 


34.49 


40.00 


45.52 


9.66 


55.18 


5556-6244 


41.38 


55.18 


68.97 


75.87 


82.76 


4866-5555 


55.18 


73.11 


92.42 


100.70 


110.35 


4176-4865 


68.97 


86.90 


103.46 


120.00 


137.94 


3487-4175 


55.18 


73.11 


92.42 


114.49 


137.94 


2797-3486 


41.38 


55.18 


68.97 


89.66 


1x0.35 


2107-2796 


34.49 


40.00 


45.52 


63.45 


82.76 


1899-2016 


20.69 


27.59 • 


34.49 


44.14 


55.18 
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THE UNIVERSITY OF CHICAGO 

COMMUNITY AND FAMILY STUDY CENTER 
1411 EAST 60TH STIBBT 
CHICAGO • ILLINOIS 606J7 

October 31, 1977 111.. (JIJ) 75J-J5I8 



Dr. Samuel Baum 

International Statistical Programs Center 
Bureau of the Census 
Department of Commerce 
Washington, D.C. 20233 

Dear Dr. Baum: 



Editor's note: This letter and its enclo- 
sures were prepared by the CFSC staff 
and sent to Dr. Baum at the Bureau of 
the Census. A copy was also sent to the 
Global 2000 central staff. 



fJ} C i? 8 ^ P lease find « set of summery tables for the Community and 
Family study Center's population projections for those areas requested 
by the Council on Environmental Quality. I am sorry for the delay in 
jetting these to you and your staff since the October 13th meeting. 

The last two weeks have kept me occupied comparing among the Census 
Bureau's, the United Nations', the World Bank's and our projection 
results. While some large differences are inevitable, it is heartening 
that no duplication of effort occurs. I understand that the World 
Bank has provided you with their figures and perhaps your independent 
comparison will shed further light on our findings: 

. Base Popu lation Dat ; a " ( See Table I in folder) Our 1975 data, 

the World Bank's, tend to differ on the low end from your high, 
medium and jtow estimates by only 1.9, 1.3 and 0.9 percent respectively. 
The major differences are located in the estimates for China and South 
Korea. Your low estimates and our base figures appear to correspond 
fairly well. r 

2 « Fertility Rates - (See Table II in folder) This is perhaps 
the area for greatest discrepancy. We have adopted the World Bank/ 
United Nations' total fertility rates for 1975 except for China, Indo- 
nesia, Pakistan, Philippines, Thailand, South Korea and the U.S.A.. 
The Asian countries, we believe, are undergoing a fertility decline 
not adequately reflected in the TFRs used by the two international 
agencies. Our figures have been taken from estimates by the East-West 
Population Institute and U.S.A.I.D.. For this yroup of Asian nations, 
the starting TFRs differ from your high, medium and low estimates by 
-14.8, -7.7 and 1.3 percent respectively. (The differences can largely 
be attributed to estimates for China's 1975 fertility.) 

Projections to the Year 2000 - (See Tables A and B attached) 
Because of the differences above, additional minor deviations in mor- 
tality assumptions and the assumed degree of fertility decline, our 
projections pxoduce considerably different results. Although we con- 
sider our medium estimates to be our "best estimates", we have drawn 
most of our comparisons using our high estimatas. 
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Our optimism shows through with the CFSC high projection for the 
world being Ibwer than your low projection. However, on a country-by- 
country basis, our high is on the average 1 percent greater than the 
Bureau's low, 3 percent lower than the World Bank's only variant, and 
2.6 percent lower than the U.N.'s low. These percentage differences 
taken our different starting base populations into account. The amount 
of difference over the 25-year period is not substantial. 

We are considering some modifications to our fertility decline 
schedules but probably the overall change will be minimal. In addition, 
we caution that the total projections for the world and regions are 
still subject to revision. We expect the spread between the high and 
low estimates to increase as we refine our individual country esti- 
mates/. J would be interested in hearing of any comparisons you are 
making or of any significant discrepancies you may uncover in our data. 
The projections have been an extremely stimulating and educational 
exercise but carry their weight in policy implications. 

We would be happy to consider changes in our parameters in light 
of new evidence not available to us. I am also looking forward to 
Visiting your Center sometime in late November. With best regards, 

Sincerely yours, 




Amy Ong Tsui 
Assistant Director 

Enclosure 

cc: Richard Cornelius 
Gerald Barney 
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Table I. 



Total 1975 Population Estimates for World, Major Regions, and Selected Countries 
As Estimated by CPSC and Census Bureau, and Percentage Difference 1 



CENSUS BUREAU 



CPSC 



High 



Medium 



World 



4,020,707 



Major Regions 

Africa 402,940 
Asia and Oceania 2 2, 208 j 215 
' Latin America 312,291 
U.S.S.R. & E. Europe 3 384,407 
OECD* 743,686 



Nations 
People' 8 Rep. China 
India 
Indonesia 
Bangladesh 
Pakistan 
Philippines 
Thailand 
S. Korea 
Egypt 
Nigeria 
Brazil 
Mexico 

United States 

U.S.S.R. 

Japan 

Eastern Europe 3 
Western Europe 

Average 



896,806 
607,374 
130;496 
79,314 
70,267 
41,817 
41,648 
35,274 
37,766 
62,921 
106,997 
59,924 
216,625 
254,394 
110,955 
130,012 
343,768 



4,13^,049 



398,694 
2,318,02* 
325,085 
384,336 
707,906 



977,862 
618,470 
134,988 
79,411 
70,974 
43,029 
42,473 
36,895 
36,859 
62,925 
108,882 
60,188 
213,540 
254,393 
111,566 
129,943 
343,517 



4^90,133 



398,694 
2,274,471 
324,725 
384,336 
707,906 



934,626 
618,471 
134,988 
79,411 
70,974 
42,810 
42,420 
36,846 
36,859 
62,925 
108,797 
59,913 
213,540 
254,393 
111,566 
129,943 
343,517 



Low 


High 


Ned ium 


Low 


4,043,444 


-2.8 


-1.7 


-0.6 


398,694 


1.1 


1.1 


1.1 


2,228,443 


-5.0 


-3.0 


-0.9 


324,064 


-4.0 


-4.0 


-3*8 


384,336 


0.0 


0.0 


0.0 


707,906 


-4.8 


-4.8 


-4.8 


889,015 


-9.0 


-4.2 


0.9 


618,471 


-1.8 


-1.8 


-1.8 


134,988 


-3.4 


-3.4 


-3.4 


79,411 


-0.1 


-0. 1 


-0 1 


70,974 


-1.0 


-1.0 


-1 0 


42,630 


-2.9 


-2.4 




42,352 


-2.0 


-1.9 


-1 1 
A S * 


36,677 


-4.6 


-4.5 


-4 0 


36,859 


2.4 


2.4 


2 4 


62,925 


-0.0 


-0.0 


-0.0 


1 AO CO/ 

108,524 


-1.8 


-1. 7 


-1.4 


59,526 


-4.4 


0.0 


0. 7 


213,540 


1,4 


1.4 


1.4 


254,393 


0.0 


0,0 


0.0 


111,566 


-0.6 


-0.6 


-0.6 


129,943 


0.1 


0.1 


0.1 


343,517 


0.1 


0.1 


0.1 




-1.9 


-1.3 


-0.9 



1. Percentage difference based on CPSC estimates. 

2. Excludes Japan, Australia, and Net Zealand. 

3. Includes Albania and Yugoslavia, 

4. Northern America. Western Europe, Japan, New Zealand, and Australia. 



Tab*e II. Estimated Total Fertility Rate for World, Major Regions, and 
Selected Countries for 1975 and 2000 by CFSC, World Bat.k, United Nations, 

and Census Bureau 



CFSC 



UNITED NATIONS 



CENSUS BUREAU 





High 


Med. 


Low 


WORLD BANK 


High 


Med. 


Low 


High 


Med. 


Low 


World (1975) 


. 3777 


3777 


3777 




4393 


4223 


4000 


4530 


4265 


3994 


(2000) 


2241 


1998 


1800 




3759 


3289 


2860 


3919 


3310 


2755 


Regions 






















Africa (1975) 


5280 


5280 


5280 




6297 


6252 


6168 


6385 


'6352 


6315 


(2000) 


3763 


3535 


3246 




5745 


5195 


4229 


5642 


5016 


4044 


Asia & Oceania 


4201 


4201 


h201 




n.a. 


n.a. 


n.a. 


5350 


4887 


4417 




2000 


1900 


1800 




n.a. 


n.a. 


n.a. 


3883 


_^24 


2716 


Latin America 


4422 


4422 


4422 


\ 


5250 


5032 


4795 


5399 


5268 


5103 




2547 


2194 


1829 




4701 


3876 


3031 


4495 


3639 


2895 


U.S.S.R. and 






















Eastern Europe 2 


2485 


2485 


2485 




n.a. 


n.a. 


n.a. 


2369 


2369 


2370 




2000 


1900 


1800 




n.a. 


n.a. 


n.a. 


2672 


2266 


1862 


OECD 3 


2256 


2256 


2256 




n.a. 


n.a. 


n.a. 


1970 


1970 


1970 




2000 


1900 


1800 




n.a. 


n.a. 


n.a. 


2533 


2175 


1856 


Nations 






















People's Republic 






















of China 


3200 


3200 


3200 


3772 


3547 


3362 


2911 


5171 


4128 


3083 




2000 


1900 


1800 


2150 


2460 


2255 


2091 


3075 


2562 


2050 


India 


5500 


5500 


5500 


5500 


5699 


5590 


5383 


5300 


5300 


5300 




3206 


2886 


2471 


3353 


4iL6 


3499 


3087 


4500 


3500 


3000 


Indonesia 


5120 


5120 


5120 


5524 


5515 


5381 


5258 


5324 


5324 


•4324 




2333 


2333 


1899 


3379 


4244 


3379 


3133 


4000 


3500 


2500 


Bangladesh 


6575 


6575 


6575 


6575 


7175\ 


7073 


6970 


7000 


70^ 


7000 




4501 


4085 


3409 


4353 


5125 


4777 


4305 


5000 


4250 


3500 


Pakistan 


6265 


6265 


6265 


6876 


7175 


6970 


6724 


6900 


6900 


6900 




4170 


3583 


3053 


4322 


4920 


4510 


4096 


5000 


4250 


3500 


Philippines 


5505 


5505 


5505 


6388 


6380 


6042 


6001 


5400 


5071 


4800 




2526 


2526 


2037 


3162 


j30 


3712 " 


3090 


3800 


3200 


2500 


Thailand 


4850 


4850 


4850 


6200 


6349 


6033 


5843 


5168 


5050 


4900 




2036 


2036 


1800 


3302 


4391 


3731 


3444 


3900 


310C 


2400 


South Korea 


3580 


3580 


3580 


3977 


3776 


3550 


3301 


3925 


3789 


3410 




2000 


1900 


1800 


2047 


2809 


2465 


2112 


3100 


2500 


2128 



coir 



i o i 



Table II (continued) 







CFSC 






UNITED 


NATT DM<! 
rt ax x uno 




CENSUS BUREAU 




High 


Med. 


Low 


WORLD BANK 


Hi oh 
nign 


neo • 


Low 


High 


Med. 


Low 


Egypt 


5210 


5210 


5210 


5210 


4903 


4800 


ASQ9 

HJ74 


EQ1Q 

5819 


coin 

5819 


5819 


Nigeria 


2986 


2596 


2182 


2857 


4120 


•J \J\J*W 


JUU / 


4600 


3600 


2600 


6699 


6699' 


6699 


6699 


6706 


DD77 


0077 


o/uu 


o/OO 


6700 


Bras 11 


5761 


4790 


4499 


^6104 
5l50 


6482 


610A 


5258 

•J -J \J 


6375 


5900 


5000 


5150 


5150 


5150 


SI 20 




H JO J 


C7QA 


5726 


5550 


Mexico 


2937 


2536 


2122 


3830 


4705 


3830 


2740 


5000 


4000 


3500 


6133 


6133 


6133 


6133 


6465 




OX J J 


t)/Ul 


OJOU 


5912 


United States 


3956 


3429 


2898 


4402 


5705 


4885 


4155 


4700 


4001 




1799 


1799 


1799 


2011 


2508 


1994 


1813 


1771 


1771 


1771 


U.S.S.R. 


2000 


1900 


1800 


1933 


2802 


2102 


1803 


2697 


2056 


1694 


2417 


2417 


2417 


2417 


2458 


2396 


2314 


2406 


2406 


2406 


Japan 


2029 


1900 


1803 


2335 


25*0 


2335 


2109 


2661 


2258 


1854 


2159 


2159 


2159 


2159 


2221 


217? 


2064 


( 1925 


1925 


1925 




20:0 


1900 


1800 


1889 


2126 


2091 


2091 


2300 


2100 


1800 


Eastern Europe 2 


2034 


2034 


2034 




2340 


2174 


2056 


2270 


2270 


2270 


Western Europe 


2000 


1900 


1800 




2510 


2237 


1992 


2b80 


2270 


1870 


2205 


2205 


2205 




2169 


2040 


1897 


2022 


2022 


2022 




2000 


1900 


1800 




2237 


2106 


1807 


2420 


2207 


1959 



!• Percentage difference baaed on CFSC estimates* 
2* Excludes Japan, Australia, and Kew Zealand. 
3. Includes Albania and Yugoslavia. 

Sourc es: 

Community and Family Study Center, Population Projections 1975-i000; World Bank, Population Projections, 1975-2000; 
United Nations, Selected World Demographic Indicators by Countries, 1950-2000. ESA/P/WP. 55, 1975; Bureau of the 
Census, Population Projections for the World, Major Regions and Selected Countries: 1975 to 2000. Oct. 13, 1977. 
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CFSC'S COMPARISONS WITH CENSUS' PROJECTIONS 



TABLE A 



ADJUSTED DIFFERENCES BETWEEN CFSC POPULATION PROJECTIONS FOR 2000 F0R<1 
SELECTED COUNTRIES AND THE UNITED NATIONS, BUREAU OF THE CENSUS AND WORLD 

BANK'S PROJECTIONS! 





YEAR 


2000 






COUNTRY 


CFSC 

PPrLTFPT TONIC 


U. N. 

/ t /~\tj \ 
\ JjUWJ 


BUREAU OF 
CENSUS (LOW) 


WORLD 
BANK 


People's Republic 
of China 


1,138,447 


-20,017 


-47,204 


-50,082 


India 


967, ;?2 


3,271 


11,131 


9,409 


Indonesia 


194,387 


-22,222 


-8,047 


-18,411 


Bangladesh 


157,978 


10,704 


7,035 


11,597 


Pakistan 


134,561 


-2,008 


7,063 


-2,616 


Philippines 


73,348 


-6,990 


7,981 


-1,758 


Thailand 


67,034 


-14,593 


-1,217 


-8,662 


South Korea 


48,748 


-1,312 


-2,863 


-3,029 


Egypt* 


61,155 


835 


883 


1,781 


Nigeria 


126,850 


162 


-1,899 


-2^980 


Brazil 


191,148 


4,868 


-19,962 


-14,115 


Mexico 


125,335 


707 


13,908 


-712 


U.S.A. 


244,861 


-9,496 


7,046 


-6,464 


U.S.S.R. 


304. 005 


-934 


8,890 


15,692 


Japan 


130,975 


-334 


2,805 


-2,455 



These differences are adjusted for differing 1975 base population fig- 
ures. The CFSC projections represent the high variant. 

Prepared by the Community and Family 
Study Center, October 1977 
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THE POPULATION SECTOR (AID/CFSC) 



TABLE B 



PERCENTAGE DIFFERENCES (ADJUSTED) BETWEEN CFSC POPULATION PROJECTIONS 
FOR 2000 FOR SELECTED COUNTRIES AND THE UNITED NATIONS, BUREAU OF THE 

CENSUS AND WORLD BANK'S PROJECTIONS 1 





YEAR 


2000 






COUNTRY 


CFSC 
PROJECTIONS 


U. N. 
(LOW) 


BUREAU OF 
CENSUS (LOW) 


WORLD 
BANK 


People's Republic 

Of China 


- 

1,138,447 


-1.9% 


-4.2% 


-4.4% 


India 


QCl 7 1 O 


n i 


1 • 1 


1. 0 


\ 

X11UUI1C9XCI 


174 , JO / 


-11. u 


A A 

-4 • 0 


-9 . 5 


oouy XuUc oil 


i cn Q7 O 


*7 A 
1 • 4 


A A 

4. 4 


7.3 


Pa If i Of mn 


1 J 4 , Dbl 


-le 5 


5 . 2 


-1.9 




7 1 14 Q 




10 . 7 


-2 . 4 


Thai 1 and 


0 / f UJ4 


11 7 


1 0 


-12, 9 




AQ 74 Q 


_7 Q 


-3.0 


C *1 

-6. 2 


Egypt 


- - 61,155 


1.4 


1.5 


2.9 


Nigeria 


126,850 


0.1 


-1.5 


-2.3 


Brazil 


191,148 


2.5 


-10.3 


-7.4 


Mexico 


125,335 


0.6 


11.2 


-0.6 


U.S.A. 


244,861 


-3.9 


2.9 


-2.6 


U.S.S.R. 


304,005 


-0.3 


2.9 


-5.2 


Japan /" 


130,975 


-0.3 


2.1 


-1.9 



Prepared by the Community and Family Study Center, 10/77 



1 

Percentage differences are adjusted for differences in 1975 base pop- 
ulation figures. CFSC high projections used for base. 
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3 The Gross National Product Sector 



Introduction 



The U.S. Government does not have a world economic 
model capable of making disaggregated gross national 
product (ONP) projections for 20 years or more. Conse- 
quently, it was necessary to assemble a set of ONP pro* 
jections from several sources. The various sources and 
their uee in the Global 2000 Study are explained in Chap- 
ters 3 and 16 of Volume 2, 

Only incomplete documentation could be obtained for 
the various sources of ONP projections. The best docu- 
mented ONP source to the SIMLINK (Simulated Trade 
Linkages) model, used by the World Bank, but even this 
model's documentation to badly dated. The best avail* 
able documentation on SIMLINK is excerpted here from 
the SIMUNKMo&cf Trade and Growth for the Devel- 
oping World, published in 1 975 . 1 Several additional ver- 
sions of SIMLINK have been developed and put to use, 
but more current documentation is not available. 

The SIMLINK model to not normally used to make 
projections beyond 1985, but in 1976 the World Bank 
Staff assisted the Workshop on Alternative Energy 
Strategies (WAES) 1 in developing ONP projections to 



the year 2000. On the recommendation of the World 
Bank staff, the Global 2000 Study used the World 
Bank/ WAES ONP Projections. 

Unfortunately, there to vary little documentation of 
the World Bank/WAES ONP projections. What infor- 
mation is available to presented in a few pages of the 
Third Technical Report of the WAES study. 1 The five 
relevant pages of the WAES report are reprinted here. 



1. The SIMLINK Model of Trade and Growth for the Developing 
World, World Bank Staff Working Paper No. 220, Washington: 
World Bulk, Oct. 1973, pp. 1-34 and Appendixes I and II. (A pub- 
listed papsr by Norman L. Hicks prassou much of th* sam* informa- 
tion: "A Model of Trade and Growth for tha Developing World/' 
European Economic Review, vol. 7, 1976, pp. 239-530.) 

2. Carrofl L. Wilson, project director, Energy: Qhbal Pronpactt 19SS- 
2000, New York: McGraw-Hill, 1977. 

3. Energy Suppty-DemaMtntetratiom to the Year 2000: Global and 
National Studies, Carroll L.Wilson, project director, Paul S. Batik, 
ed., Third Technical Report of the Workshop on Alternative Energy 
Strategies, Cambridge, Mass.: MJ.T. Press, 1977, pp. 217-221. 
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: The following material is taken from The SIMUNK Model of Trade 
aid Growth for the Developing World, World Bank Staff Working Paper No. 220, 
Washington: World Bank, Oct. 1975, pp. 1-34, and Appendixes I and II. 
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THE SIMLINX MODEL OF TRADE AND GROWTH 
FOR THE DEVELOPING WORLD » 



I. Introduction and Background 

1. The economic events of the past two years have made the 
linkages between the world's economies even more obvious. 
International inflation and rapid changes in commodity prices and 
rates of real growth in the developed world have had both 
favorable and unfavorable effects on the developing countries. 1/ 
The Bank's SIMLINK 2/ model has been designed to allow the full 
range of these effects to be estimated simultaneously, analysing 
trade linkages and the growth prospects of developing countries 
under alternative scenarios of growth and inflation in the 
developed world, petroleum prices and capital flows. The model 
is not a theoretical breakthrough, but combines existing modeling 
techniques into a comprehensive system which can provide inputs 
for policy decisions relatively quickly. 

2. In recent years modeling work involving developing countries 
*as largely been along three broad lines: country models, 
international trade models and commodity models. While each 
approach can yield useful insights, none can be used alone to make 

\ N 

definitive statements about the linkage effects of world events . 



1/ In\this paper, "developing countries" or "LDCs" refers to all 

devW loping countries except for members of OPEC end centrally A 
planned economies <CPEs) . "OECD" countries refers to the more 
. industrialised members cf the Organisation for Economic Cooperation 
and Development, excluding Greece, Portugal, Spain, Turkey, 
Iceland and Yugoslavia. 

y For Simulated Trade Linkages. 

* The author wishes to thank Hollas Chenery, Wouter Tims, 
d Jean Waelbroeck and Nicholas Carter for their advice and guidance, 
ERJC «m BL Dow, F.F. Jen and K. Malik for their computational 
tssistanoe. 

Ml t On 
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H6 THE GROSS NATIONAL PRODUCT SECTOR 

3, Country Models generally take the foreign sector to be 
largely exogenous, and one which exhibits perfect competition. 
The demand for imports or supply of exports by the country 
being modeled is assumed not to affect the international prices 
of these commodities sinpe most developing countries have a small 
share of the total market. Apart from the technical difficulties 
involved, where large scale models differ widely in scope, 
aggregation of country models would provide no assurance that the 
results will be consistent: the sum of the import and export 
price and volume estimates for a group of models would only 
fortuitously be in line with world demand and supply. 

4. International Trade Model s. Constructing a matrix of 
international trade flows, and distributing world imports and 
exports among countries according to past trade relationships, 
ensures that total world imports will equaJ total world exports, 
and that the estimated trade balances of a group of countries will 
be consistent with each other. However, the system begins to 

get unwieldy if it is broadened to include price effects and the 
feedback effects of exports on growth and imports. A more 
comprehensive approach has been attempted in Project LINK, starting 
with large econometric models of developed countries, and 
estimating an entirely consistent set of both national and inter>^ 
national volumes and prices. At present, however, LINK lacks 
detailed models of the developing world, and its main thrust 
, has been toward short t^rm estimates of trade and growth ratncr 
than longer range projections. LINK'S large size and sh r* 
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term nature itake it difficult to use for rapid policy 
simulations for long run projections ap required by the Bank. 
In addition, LINK does not yet develop commodity details. 1/ 
5 » Commodity Models . Examining world trade on a commodity 
by commodity basis is a very useful approach for -working with 
LDCs, since most of thej r\ exports are primary products which are 
homogeneous in character and traded on world markets without 
differentiation as to source and destination. However, commodity 
models, like country models, are generally solved in isolation 
cne from the other. This may be misleading for certain 
commodities with substantial substitution por3ibilities. A 
combination of commodity models w \& ensure that country price 
and volume projections for the commodities in question were 
consistent with the world market, but "the diversity of existing 
models - using different dates and time periods, and with very 
different levels of aggregation - would present a major problem. 2/ 

II. Vhe SIMLINK Approach 
6. SIMLINK combines elements of all three of these approaches. 
In it, Exports of the developing countries are related to the level 
of economic^ activity in the industrialized countries through a 
series of individual commodity models. Growth in the developing 
countries is linked to investment levels and imports; the latter, 
in turn, are ti6d to export earnings and the inflow of external 



1/ See R.J. Ball, ed. The International Linkage of Na^i ona? 
Econometric Models (North Holland, Amsterdam, 1972; . 

U For a survey of some commodity models and commodity modeling 

techniques, see W. Labys. Dynamic Commodity Models; Specif ication f 
Estimation and Speculation, (Lexington, Mass., 1973), 
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capital (as indicated by tha real reaourdte transfer, or balance 
on merchandise and non- factor services) . The model may be run 
either to determine the import and GDP growth levels to be 
anticipated in developing countries, given a particular capital 
inflow and set of GDP growth rates in the OECD countries, or it 
may be run to determine the real resource transfer needed to 
support a specified target growth rate of GDP in developing countries, 
given expected developments in the CflECD countries. It may be 
thought' of as being block recursive in the following steps; 
a) the rate of growth of output and prices in the 



are taken as exogenously determined. Since the 
developing countries have little feedback effect 
on the developed world this is felt to be a 
reasonable assumption; 

b) commodity models are developed or adapted for the 
major primary exports of the developing countries, 
to project prices and volumes for these products. 
The price of petroleum, however, is taken as 
.exogenous; 

c) exports of manufactures and services from developing 
countries are projected on the basis of historically 
estimated elasticities with respect to QJECD growth. 
Prices for these items are projected on the basis of 
exogenously, forecasted rates of inflation in the OECD; 



developed world (largely the OECD countries) 
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d) the commodity trade volumes and prices so 
calculated are translated into export volumes 
and both import and export prices, tor seven 
groups of developing Countries; 

e) a simple growth model is developed for each 
of the seven groups, relating the growth of 
imports to growth of output and investment. 
These models are then solved for that level of 
GDP growth which equates total imports with the 
capacity^tQ^ based upon exports, the terms 
of .trade, and tfxogenously specified levels of 
capital inflow. They are also solved using 
exogenous target GDP growth rates, to give an 
estimate of the foreign capital required to meet 
those targets. 

7. At present SIMLINK contains 14 commodity models with a 
total of about 19 a^rtictural equations ; 11 equations for estimated 
exports of manufactures and services, and 7 regional models with 
8 equations each. Ignoring definitional equations and identities, 
the model has a total of 146 structural equations. While compre- 
hensive in nature, it thus femains simple enough to be calculated 
quickiy. It is generally estimated using ordinary least squares 
techniques and is largely recursive in nature/ though there is - 
some simultaneity in certain parts, mainly related to the individual 
commodity models. Figure I gives a rough idea of the flow from 
th# exogenous input to the output. The span of data used depends 
„ largely on availability? the estimated coefficients are based on 
data ranging over the paat 6 to 20 years. 
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Fig.l.- FLOW DIAGRAM 
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III. The Model in Detail 

8. The model start* with a data base for a sample panel 
of 40 developing countries which account for about 85% of the 
population of the developing market economies (excluding OPEC 
members). Based on 1973 data, the panel receive over 80% of 
the net disbursements on public loans and account for over 80% 
of the external public debt (outstanding and disbursed) • Their 
share in the aggregate GNP of developing countries is slightly 
smaller - 76% in 1973. They account for 70% of the exports of 
developing countries in all regions except East Asia and the 
Mediterranean - in these two regions the trading role of a few 
non-sample panel countries (notably Singapore, Hong Kong and Spain) 
lowers the panel's coverage to about 61% (based on 1973 data), 

Por the purposes of the model, the sample panel countries are 
aggregated into seven "regions" or groups, which are shown in 
Table 1. 

A. Commodity Models 

9. A matrix of export shares in 1972 for 35 primary products and for 
manufactures and services was constructed for these seven groups, 

from data compiled by the Commodities and Export Projections Division 
of the Bank 1/ and from U.N. Trade Yearbooks. Of the 35 primary 
products, only about 15 account for a substantial share of the 
exports of any one regional group. Models were developed first 
for the most important commodities (excluding petroleum) , and are 



1/ See "Commodity Trade and P?ice Trends", IBRD Report No. EC-i66/74, 
August 1974 , and also Appendix I, Table 2 below. 
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Table 1; SAMPLE PANEL GOUNTKX QBOUFIMQS 



1. Low Income 

a. South Asia (10 

India Sri Lanka 

Bangladesh Pakistan 

b. East/Central Africa (6) 

Keqya Ethiopia 
Tanzania Mali 
Uganda Sudan 



Middle Income 

a. Mediterranean (6) 

Egypt 
Syria 
Tunisia 

b. West Africa ( 5) 

Cameroon 
Ghana 

Ivory Coast 

c. East Asia (k) 

Korea 

Philippines 

d. Latin America (8 ) 

Argentina. 

Brazil 

Colombia 

Dominican Republic 



b/ 



e. Mineral Producers (7) - 



Chile 
Bolivia 
Jamaica 
Liberia 



Greece 
Turkey 
Yugoslavia 



Senegal 
Sierra Leone 



Thailand 
Malaysia 



Guatemala 
Mexico 
Peru 
Uruguay 



Morocco 

Zaire 

Zambia 



\ 



ERIC 



a/ 1971 par capita income less than $200. 

b/ All mineral producers are in the middle income group except Zaire .Results 
for this * region" are divided among the two inoome groups according to 
Zaire's proportion of total GDP, imports f etc. 
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summarised in Table 2. Exogenous price and volume estimates have 
been used for a few impoi.cant commodities for which it proved 
difficult to develop useful models, some of them, like wheat, cotton 
and tobacco, influenced in the past by U.S. surplus policies. 
Work is continuing in an attempt to expand the system to include 
both better models and models for commodities not presently covered. 
10. Supply, it is difficult to summarize in a small^ space the 

work of different researchers on these eleven models. 1/ On the 
supply side, they assume a distributed lag response by producers 
to past prices, based on biological and information lags. The 
- general form of -the supply" equation carTbe expr essed as 

°3 = (Pj t l' P n o"" - ,,P 3 ' Y ' °1' °2' •••°n) (1) 
t-l t-2^ t-n 

where Q is the supply of the j th commodity, Pj is its real price 
lagged by an appropriate number of time periods, Y is real OECD GNP 
in 1963 dollars, and the o's are other variables. In ^ost cases, 
total supply Qj is the sum of two or more supply equation's estimated 
on a regional or country basis in order to capture the different time 
lags apparent in different areas of the world. The lagged prices 
P ^ t V"* were often dropped in favor of simple lagged supply, 

Qj • ' thus introducing the assumption of a distributed lag with 
geometrically declining weights. 2/ In some cases, such as rice, 
where world prices are largely determined by exports and a large 
part of production is not exported, the model deals only with exports 
rather than total world production. 



1/ Complete equations are given, along with their statistical 
properties, in Appendix II. 

2/ For a discussion of the use of the lagged endogenous variables as 

• a transform of the distributed lag equation . see Zvi Griliches, 

, Distributed Lags: A Survey", Econometrica , Vol. 35 (January 1967), 
q p. 16. 

ERIC 13$ 
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The prices of substitutes were important in only a few commodity 
models: rice (wheat), tin (aluminum) and fats and oils (other fats 
and oils). Dummy variables were inserted to reflect unusual 
condicions present in certain years, many of which can be traced 
to weather fluctuations. Most of the models were estimated 
econometrically with annual time series data from the 1955-72 period, 
although the time period differs slightly in each model. In certain 
regions where no econometric relationship' could be uncovered, an 
exogenous supply estimate has been used (see Table 2). * 
11. Demand . The price formation or demand side of the models 
was generally estimated in one of two ways. In some models, prices 
were estimated to be a direct faction of world supply and demand, 
giving an equation of the following form: 

?^ - r(Y, Q, 0 1# 0 2 , ... 0 n ) (2) 
where Y is total OECD GNP, Q is the total of world exports or 
production, and the 0 i are other variables important in price 

determination (for example, the prices of substitutes, dummy 

(i 

variables, and the rate of world inflation). An alternative to 
the simple direct price formation equation (2) above is the 
slightly more complex. stock adjustment apprbach. Here, the 
demand vector determines consumption of, the* commodity in question. 
Inventories or stocks are defined as current production less 
current consumption plus stocks from the previous year, and real 
prices are determined by the level of stocks (which may be expressed 
as an inverse relationship or as a ratio to total production) . 
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This three-equation method of determining prices can be summarized 
as follows: 

Cj =: f (Y) (3) 

S4 = S. + Q. - C. (4) 

Pj - f (Sj) (5) 
where stands for consumption and Sj for end year stocks, with V " N -«^- 
qnly the lagged variables subscripted for time. Other variables 
may be included in the consumption and price equations, although 
these are not included in the notation above. Equations (3) to (5) 
can be reduced to equation (2) by substitution, so that by using 
"equation (2) one is merely e&*intating directly a reduced form of 
the stock adjustment equation. 

12. Sensitivity to Inflation . The P^ are estimated in real: 
terms, by deflating current prices using the Bank's International 
Price Index (IPI) . 1/ Since the supply equations are also related 
to real rather than current prices^ most of the commodity models 
are found to be neutral in their response to changes in the rate 

4 

of wok-ld inflation. Certain models' — coffee, sugar and rice — 

were exceptional in that the index of world inflation was found to 

be an important independent variable. In general, the higher the 

fate of world inflation the lower the real prices of these commodities. 2/ 



1/ An index of prices of developed countries' manufactured 
exports to all destinations. See Table 7 below. 

2/ This appears to confirm the hypothesis that developing countries 
suffer during periods of sharp world inflation because the prices 
of most of their exports fail to keep up with other prices. But 
it should be pointed out that the lag is somewhat temporary, and 
that eventually real prices tend to adjust. This suggests that 
perhaps sellers fail to note other world prices effectively, or 
that sales are made in advance of production and delivery and that 
acceleration of inflation rates is generally unexpected. 



TABLE 2; Co—odity jfodals fi*-— *y 



Co— oditv 



Author 



No .of Equations No .of Supply No .of Expr . 
Total Structural Equations ^/ Supply Eat. 



Prices Related to; 



Iron Ore 
Fats & Oilar^ 



Copper 

Rice 

Sugar 

Beef 
Tin 

Cccoa 

Rubber 
Tea 

Coffee 



P.Pinto 
P.Pollak 

F.Pinto 

N. Hicks 



N. Hicks 
F. Pinto 

N. Hicks 

J. Gunning 
N. Hicks 
J. de Vries 



6 3 
25 24 



E.Brook/P.Pollak 15 



6 

5 



7 
3 
13 



13 

5 
4 



6 
3 
10 



1 
0 

V 

O 2 



0 
12 

0 

2 

0 

0 
0 



ifllous 



1 
0 
0 



14a/ Covers groundnuts, groimdnut oil, copra, coconut oil t palm oil. 



Exogenous. 

OECD income, sugar exports, prices 
of substitutes. 

OECD income Ragged prices, mine prod- 
uction, lagged consumption. 

OECD income, rice exports, wheat price 
inflation. 

Excess consumption - production *atlo. 
lagged prices, food price inflation. 

Income W. Europe, production. 

Stocks: consumption, lagged prices, 
price of aluminum. 

OECD income, production, lagged stocks, 
lagged average prices. 

Stock changes, lagged prices. 

Production, time trend. 

Production, lagged prices stocks, 
inflation, lagged consumption. 



14 3 
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"Residual" Commodities. For primary products not covered 



by the existing commodity models, a more general formulation has 
been used to project volumes and prices. First, they are aggregated 
into three broad classes: food, agriculture non-food, and metals 
and minerals. Increases in the prices of these "residual" commodity 
groups are estimated using the following equation: 



where p 1 is the percentage increase in price for the commodity 
group in question; y 1 is the growth rate of OECD real GNP; 

As^-an-exogenous estimate of the growth rate of supply; and E 

y 

and are the respective income and price elasticities. The 
values of the parameters used in the model for this equation are 
given in the table below, and are based on estimated provided by 
the Commodities and Export Projections Division of the Bank. 




(6) 



Table 3 



Resid ual C o mmodity Model Coefficien ts 



Group 



Agric-Food 0.5 
Agric-Nonfood 0.9 
Minerals and Metals 1.1 



- -.5 4.0 
-.7 5.0 
-0.5 6.0 
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B. Manufactured Export* w 
14. A slightly different approach is used for developing 
countries' manufactured exports. Firstly, since these countries 
account for a relatively small share of total manufactured exports, 
it is assumed that supply and demand are not reconciled via the 
price mechanism. Total demand by the OECD and centrally planned 
countries for manufactured exports from LDCsis allocated among 
the seven groups of sample panel countries according to market 
shares based on initial exogenous estimates of the growth of supply. 
To estimate income elasticities of demand, log-log regression* -. 
were run, using constant prices, between the GDP and manufactured 
imports from LDCs (regardless of source) of groups of OECD 
countries and the centrally planned economies. The data for these 
regressions are based on ir.N. trade data and cover the period 
1965-72. The results are summarized in Table 4 below: 



Table 4 



I^fi-EJ^lciUM for J^r^sj^Manuf ac tured 
SSg&^S B Devel opi ng Countries ~ 



Japan /Oceania 
Western Europe 
North America 
Centrally Planned 
Econoaiea 



E 

y 


t 


R 2 


2.24 


7.4 


.885 


2.62 


9.9 


.933 


5.36 


10.9 


.943 


2.27 


6.3 


.849 



\ 



y ..ere defined a, S1 TC 5-8 , ' exdudin, SXTC 6 8 (non-ferrous petals, 
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15. These rather high elasticities have to be adjusted for 

two factors. First, they relate to 68 developing countries 
including Hong Kong, Singapore and Taiwan; and second, they 
obviously take no account of manufactured exports to other 
developing, rather than to developed, countries. So as to avoid 
overstating export demand, the export growth rate calaculate4 for 
the 40 san^le panel LDCs between 1965 and 1972 — 12.2% per annum 
is compared^ v^ith the rate of growth of import demand in OECD 
countries (from all LDCs) fc>r the same period— 15.7% per annum — 
both in constant prices. The xatio of these two growth rates 
(0.777) is used to adjust the original elasticities downward. 

16. An estimate of the aggregate supply of manufactured exports 
from developing countries is used to arrive at the market shares of 
the seven regional groups, taking account of historical growth 
rates in constant prices for the period 1965-72. For two regions, 
South Asia and East/Central Africa, political events between 
1970-72 meant that manufactured exports grew at lower than 
historical rates, so the growth rates for 1965-70 are used instead. 
These supply estimates; each region's share of total sample panel 
exports of manufactured goods > and the importance of manufactured 
goods in total exports from sample panel countries are shown in 
Table 5: 
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2sbXt_£» Manufactured Export* by Staple Penel Groups 




Mineral Producers 
South Asia 
East Africa 
Mediterranean 
Watt Africa 
.East Aala 
Latin Aaerlca 

Total: 40 LDCa . 

a/ for period 1965-70 



12.2 



100.0 



19.1 



17. u.lng the" 1972 percentage distribution (column 2)^ 
weighted average growth .rate of supply of manufactures Is 
calculated, and compared to the average growth rate of demand, 
weighted according, to the shares of OECD and centrally planned 
country groups in total demand. The initial estimates of the 
growth rate .of supply are then adjusted such that the growth 
rates of aggregate lupply and demand are equal. Algebraically, 



if SM i is the in 



litiV^supply growth estimate- for the i th LDC region, 
and D Mj is the demand growth estimate for the developed region, and 
wdj. and ws. are the appropriate weights, the final export growth 
rate for the ith region (XM ^ ig given agj 



(SC DM , wd ) 

1 7 — 

(X SM 1 W8 .) 

i=l 1 



(7) 
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C. Service Exports * 

18. Services are another very important source of export 
earnings in LDCs, but are often ignored in trade models due to the lack 
of data on an origin-destination basis. Data for non-factor 

service exports were obtained from the World Bank's Socio-Economic 
Data Bank, in current prices for each region for the period 1964^72 ♦ 
It was assumed, once again, that the OECD is the principal source 
of demand for these services, which include tourism, travel and 
shipping services . 

19. As with manufactures, the OECD was disaggregated into three 
regions: North America, Western Europe, and Japan/Ocer^ia . 
Regressions were then run to estimate demand elasticities with 
respect to the GNP of each of the OECD Regions, with the best: 
estimate being used in the model. Since the observation period 

is relatively short, only single variable regressions vere attempted. 
While the income of the Japan/Oceania region did not prove signi- 
ficant for any sample panel region, - combination of Japan/Oceania 
and North America did work well for three regions, with Western 
Europe proving best for another tvo, and total OECD accounting for 
the remaining two. The results are shown in Table 6 below. 1/ 



1/ Unlike the manufactured export regressions, the non-factor 

•service regressions are done, in current prices. In the model, 
the projected current pritfe service exports are deflated by 
the implicit GNP deflator of the OECD countries to convert to 
constant prices. 
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Table 6 1 Export* if Services 



IPC Group 



Mineral Producers 

South ><la 

E*«t/ ..tral Africa 

Medi erzanean 

Wcs: Africa 

East Asia' 



Latin America 



Service Export* 
to Tocal Uoorta 



<JNP 



18.2 
7.2 
26,9 
35.9 
27.2 
17.8 

23.6 



-2 



W. Europe 


1.006 


16.09 


.974 


Total OECD 


.448 


8.54 


.947 


Total OECD 


1.311 


. 8.55 


.911 


W. Europe 


1.244 


15.10 


.970 


Total OECD 


1.920 


15.45 


.971 


Japan and 








N. America 


.959 


4.59 


.742 


Japan and 








N. America 


1.288 


28.89 


.992 



20. The estimated equations all show good fits with respect to 
their demand vectors, and all of the income elasticities are signi- 
ficant at tlw 95* confidence level or higher, it is interesting to 
note the wic^e differences in elasticities, from .45 for South Asia 
to 1.9 for West Africa. Areas with a highly developed tourism 
sector seem to have higher elasticities than thos.e without, and this 
is probably the major. factor explaining these regional differences. 
The 1.9 elasticity for West Africa appears to be unusally high and 
was probably influenced by the very rapid development of tourism in 
this region during the past few years. Consequently , this coefficient^ 
was lowered to 1.4 fdr projection purposes in the model. 

D. Prices and Inflation * 
21. The consistency between current and constant price estimates 

is maintained by use of a series of international price deflators. 
The four main indices of worlu inflation that are 'used in the model 
are shown in Table 7. .Pi is used both to inflate projected real 
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Table 7 
Inflation Assumptions 
1967-69-100 



IPHl/ 



IPICAPl/ 



IPIXMi/ 







Xage 




% ge 




Zage 




Zage 




Index 


Change 


Index 


Change 


Index 


Change 


Index 


Change 


1960 


76.5 




90.9 




91. J 




09 A 
y Z • 0 




61 


79. o 




09 0 
7Z . 7 


9 9 
Z • Z 


Q9 A 
7Z • 0 


X.J 


QA 9 
-74 • x 


X • w 


62 


no ft 

82. 9 




09 0 
7/ • 7 


u .u 


QO C 
7 J. J 


x . u 


Ql Q 
7 J • 7 


-0 2 

\J . X 


63 


OIL /. 
00 . 4 


4 > Z 


01 A 
7 J • 0 


u • / 


ft 1 * 1 
7 J • X 


1 7 
X • / 


74 . J 


0 5 


64 


89 #4 


•? q 
J.J 


OA 7 


1 9 
X . Z 


Q 

7 J • 7 


0 ft 


QS \ 

7? . J 


0 8 


65 


Q9 A 
7Z . 0 


J • 0 


OA A 
70 • 4 


1 ft 


QA ft 
70 • O 


0 Q 

U . 7 


Q7 0 

7 / * v 


1 8 


00 


7J • Z 


9 Q 
Z • O 


QA L 
70 • 4 


9 1 
L • X 


Qft ft 
70 . O 


X . X 


Qft 7 

70 . / 


1.8 


67 


97.8 


2.7 


99.4 


l.l 


99-7 


1.0 


99.5 


0.8 


68 


99.1 


1.3 


98.4 


-1.0 


98.4 


-1.3 


98.4 


-1.1 


AO 


1 U j • w 






3 J • O 


101 8 


3.5 


102.1 


3.8 


1970 


110.2 


7.0 


109.4 


7.1 


109.0 


7.1 


108.9 


6.1 


71 


120.6 


9.4 


116.5 


6.3 


118.0 


8.2 


114.4 


5.1 


72 


135.4 


12.3 


126.6 


8.8 


129.1 


9.4 


121.2 


5.9 


73 


149.2 


13.5 


149.6 


18.2 




14.5 


144. i 


19.4 


74 


164.0 


9.9 


182.2 


21.8 


171.8 


16.1 


178.2 


23.2 


• 75- 


183.7 


12.0 


202.0 


10.8 


191.0 


11.2 


199.6 


12.0 


76 


201.7 


9.8 


219.9 


3.8 


208.5 


9.2 


219.1 


9.8 


77 


218.8 


8.5 


237.5 


8.0 


225.6 


8.2 


237.7 


8.5 


78 


236.4 


8.0 


255.4 


7.5 


242.9 


7.7 


256.7 


8.0 


79 


254.1 


7.5 


274.6 


7.5 


261.1 


7.5 


276.0 


7.5 


1980 


271.9 


7.0 


293.8 


• 7.0 


279.4 


7.0 


295.3 


7.0 



1/ An index of the implicit GNP price deflators, converted to U.S. dollars, of USA; 
Prance, Germany, Italy, Japan and U.K. 

c 

2/ An index of manufactured import pvices for LDCSfb^sed on SITC categories 5 

through 8 (f.o.b. prices of manufactured exports or OECj countries to all u 
destinations, adjusted for the freight component of c.i.f. costs). 

3/ An index o f capital goods (SITC 7 only) import prices for LDCs. 

4/ An index of developed countries 1 manufactured export prices, basically the 
same as IPX but on a f.o.b. basis, and using LDC export weights. 

NOTE: Based on U.N. trade indices foe export prices from developed countries of 
SITC categories 5 through 8 (manufactures) and SITC 7 (capital goods). 
IBRD itaff estimates of freight cos^s. 
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commodity prices to current prices and to £ rve as a price index 
for manufactured imports by developing countries. IPIXM is used 
to in late the value of exports of manufactures from developed 
countries. Ipd is used to convert the GNP growth of OECD countries 
from real to current terms, and to inflate the value of non-factor 
service imports and exports. IPICAP is used to inflate the value 
of exports of capital goods from developed countries. 
22. For each of the seven sample panel regions, SIMLINK 

constructs an index of export value and export volume using the 
1972 weights shown in Appendix I, Tables 1 and 2. Regional export 
price indices (XPI) are determined by the export value and volume 
indices: by using the XPI, real export prices are converted to 
current prices, and, using 1972 weights, the export price index 
is then calculated in current prices. Regional import price 
indices (MPI) are made up from series of 5 basic indices for each 
region, constructed on the basis of imports in 1972 divided by 
end-use class into food, intermediates, fuels, capital goods and 
non-factor services. The price indicss for capital goods and 
non-factor services. are based on assumed international inflation 
rates. The price index for fuels is assumed to equal that for 
petroleum. For food imports, a weighted price index is constructed 
using the commodity prices generated by the model. 1/ The weights 
used are based on an analysis of the composition of food imports 
of Lhe larger developing countries. 



1/ The commodities included and their weights are: wheat, 40%; 

Ind e beef %; 5% ai2e ' 5% '* SUgar ' 15%? tobacco ' 5%; groundnut oil, 15%; 
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E. Regional Growth Models 
23. The regional indices of export value, export volume and 
import prices are applied to 1972 base data in 1967-69 prices tc 
derive estimates through 1980. Export values, expressed in 
constant dollars, are then adjusted for change, in the terms of 
trade to produce "exports-adjusted" (XADJ) , so that they reflect 
true import-purchasing power. The adjusted exports for each region 
are defined as: 1/ f 

XADJ ■ XPI v (8) 

mpT t x 

Where X represents exports in constant prices, and MPI and XPI 

are the relevant regional import and export price indices, respectively. 

Total import capacity (M ) is then defined as the sum of XADJ 

a 

and the capital inflov. available, or resource gap (RG )• Capital 

a 

inflows are estimated exogenously, according to analyses of countries 1 

creditworthiness and the availability of external capital. The term 

"capital" used here is defined as the net transfer of resources from 

foreign savings, or t-he "gap" between the cost of imports and 

foreign exchange earnings from exports of goods and non-factor services. 

M ■ XADJ + RG (9) 
a a * 

1/ All variables are for period t and region i , unless 
subscripted differently* 
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Imports and Growth 

24. Much discussion has taken place over the relot onehip 
between imports and growth, and the importance of foreign exchange 
versus other constraints in the developing world. 1/ Some authors 

r 

have contended that there is no relationship, or that increases in 
imports (particularly those financed from increases in capital 
inflows) result in lower savings, higher consumption and no 
appreciable increase in growth. 2/ Such analyses have tended to 
examine imports in the aggregate, and their relationship to total 
GNP. In fact, LDC imports are a very non-homogeneous mixture of 
capital goods; intermediate products and raw materials; and foodstuffs 
and other consumer goods that ajre not related to capital formation 
and production. The imports of foodstuffs are often inversely 
correlated with growth, since they often supplement declines in 
domestic agricultural production. In most of the better country, 
models, imports are disaggregated in some fashion, usually by end- 
use classes/ and related either to sector outputs or some part of 
GNP expenditure. . ' 



1/ H, B. Chantry and Alan M. Strout, "Foreign Assistance and Economic 

Development, American Economic Review, LVI (Sept. 1966), pp. 680-733. 

»ent' cJlLr »2 *T "T** T^!* 8 " A" 1 "™" Economic Develop 
ment. Comment, American Economic Review." LVIII (Sept. 1968, pp. 897- 
91^ Henry J. Brut^liT* Tvo-C.p^Anjspach to Aid end Development: 
Comment, American Economic Review. LIX (June 1969), pp. 4394*6. 

2/, K.G. Griffin and J.l. Enos, "Foreign Assistance: Objectives 
» and Conse quences",. Economic Development and Cultu ral change, 
XVLLL (April, 1970) pp. 313-27 — 
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25. Following the same approach, a general model of growth 

» 

and imports was formulated along the following lines: 

First, industrial production is assumed tQ be a linear function 

of total GDP: 1/ 

YIND = a x + b x GDP (value added, industry) (10) 

Investment is a function of the increment to GDP and lagged 

investment, on the style of the flexible accelerator where the 

desired capital stock adjusts with a distributed lag. In this 

case the implied lag is of the Koyck type, or one having, geometrically 

declining weights: 

I « a + b (GDP-GDP ) + b I (gross investment) (11) 

2 21 t-1 22 t-1 \ . 

Imports of capital goods are then related linearly to investment; 

intermediate goods to value added in industry; and imports of fuels 

and non-factor services to total GDP,;or: 

MCAP * a 3 + b 3 I (imports, capital goods) (12) 

MINT « a^ + b^ YIND (imports, immediate products) (13) 

MFUEL« a 5 + b g GDP (imports, fuels) (14) 

MSER 35 ag + bg GDP (imports, non-factor, services) (15) 

26. It was initially proposed to, relate imports of food to 
private consumptien and to agricultural production, and imports of 
other consumer goods to private consumption expenditures. Howaver, 
in almost all cases the results of so doing were, non-significant or 
had the "wrong" signs (in the case of food it can be expected that 
imports var^ inversely with domestic production, and directly with 
consumption). It appears that imports in both these categories are 



1/ All a*s are constant terms, and all b's are estimated coefficients. 
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heavily influenced by the level of foreign exchange available to 
finance them. The proxy for foreign exchange availabilities was 
taken to be the actual level, of imports of goods, so that the 
coU>ination of food plus other consumer goods imports was simply 
related to this variable: 1/ 

MCF - a ? + b ? MG (16) 
Tptal (actual) imports of goods is defined as: 

MG = MCAP + MINT + MFUEL + MCF (17) 
and total import demand, at a given level of GDP, as: 

M d - MG + MSER ( 18) 
where ^ne d subscript denotes import demand, as opposed to the 
capacity to finance imports, M. 
Two Versions of the Model 

27. So far the discussion in this section has focussed on the 
availabilities version of the model, in which capital availabilities 
are exogenous. In this version, an equilibrium condition is enforced 
such that import demand must equal the capacity, to import, or 

M d " M ^ . (19) 

The model is then solved for that level of GDP and GDP growth which 
will satisfy this condition. 



« 

k/ «e S SsS A baLd n on EaSt/C - nt f a i Africa exo *enous estimates of MCF 
are used, based on a projected increase in foodgrain inroorts anrf 
constant imports of other foods and consumer gooS i7th e base 
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28. In the requirements version , target GDP growth rates (g) 

are specified exogenously for each region: 

GDP = GDP (1+g) (20) 
t t - * 1 

The 9apital inflow that is required to support such a growth rate 
(RG r > is determined as the difference between import demand and the 
capacity to finance imports, based on export earnings: 

RG r = M d - XADJ (21) 

29 • Hence the requirements version drops equations 9 and 19 

V 

from the model and uses 20 and 21 to determine a capital inflow 
endogenously from a predetermined growth level. The additional 
capital requirement (ACR) is defined as the difference between 
the capital available and that required to attain the growth 
target : 

ACR =RG T . - RG a (22) 

or: 

ACR ^ M r - M a (23) 

*■ a 

Savings Rate 

30. Domestic savings (GDS) can be determined residually from 

the identity: 

GDS = I - RG 

This residual determination of savings is the necessary consequence 
of the structure of the model which considers foreign exchange, 
rather than savings, capital or labor, as the binding constraint 
on growth in the developing world. While this is a serious 
simplification, since the model is being used to project over a period 
when deteriorating terms of trade and low export volume growth will 
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maii ismtLsummaakMmmaB 

* b 3 1 mt • t mm 



(tj 



■ 



-2 



• .5 ♦ b 5 T 



ft, 



-2 
1 



i 2 



Untnl Product!* 
South Asia 
*Iwt Africa 
MtdittiTtfttAn 
HMt Africa 
latt A«la 
latin Anoxic* 



307.5 

62.2 
-1*20.6 
178.0 
-55.2 
-1377.3 



.3120 



,iii J 



.2773 
(8.0) 

.2731 
(10.2) 

.2069 

a. is) 

.31*23 
(7.U) 

.2*5 
(16.6) 



.5<* 337.3 
.61* 

.71*6 160;7 

.1»U* 265 .1* 

.727 68l*.5 

.929 -282.2 



.2371 
(3.6) 

.128 if/ 



.217 
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.2U*9 
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.301 -2015 



•1*322 .bJO 
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.637 
.392 



.3275 .617 
(5.53) 

.1179 .097 
(7.69) 



.0255 
'l*.2) 



-36U.6 .0089 
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-3.2 
-135.0 
7.5 
-1*32.6 
-262.0 



.0077 
(3.17) 

.0128 
(6.69) 

.0068 

a.w) 

.0376 
<9.22) 

•0071 
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.1*29 
.539 
.223 
.$61 
•082 
.817 
.1*37 



75.8 .21i62 
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ot«oou* 
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22.3 
-I85.I 
515.5 



•176 
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• 3086 
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.2615 
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.1171* 
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.566 



.7ul 

.9011 

•559 
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forth Alia 
9m% Afrioa 



Moot Africa 
fctrt AflU 
Utin teorloa 



1 * «2 * b 2l 

^ Hi 5 * 



501*. 3 . 5129 , 7335 

(1.38) (3.91*) 

-397.9 .1537^ 
(8.99) 

-125.2 .180$*' 
(5.09) 

-16l».l* *«763 . 9653 

(2.31*) (8.03) 

77.1* .6678 .661*9 

(2.97) (2.1*6) 

702.3 .6356 .7323 

(*.10) (7.77) 

-391.2 .51*73 .9193 

(6.60) (21.0) 



.651* 
.869 

.757 
.971 
.606 
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-7860.6 . 3035 
(8.69) 

* -5061.2 .3339 
(30.9) 
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-101.6 
-2099.7 
-5061.2 



.1823 
(6.71) 

.3058 
(19.18) 

.3339 
(30.9) 



.726 -350,0 
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.972 - 13.0 

•91*7 -1*52.0 

•652 -191*. 

.951 -15U 

.972 -31*1 



.078 
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.0083*^ 



•<*0 
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•0)6 
(1*7.59) 
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.037 
(1*.72) 

.026 
(6.62) 
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fe£ flmotnont function for South AiU and bat Africa* I •<♦ Bt 
%L *m*Uona for MB aro ootlantod In 1967-69 constant prlcoo. 
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squeeze foreign exchange earnings, it is considered acceptable. 
The ex post calculation of the savings rate allows for the 
qualitative judgement that such a rate is realistic r , and that a 
savings constraint is not binding. 
Regression Results 

31. The estimated equations are given in Table 8. In general , 
these equations were estimated on the basis of pooled cross- 
section and time -series data for the period 1966 to 1971/ although 
the exact time peridd differs slightly from region to region. The 
time period used is short because of the shortage of data on imports 
by end-use. The data used here are derived from the United Nations 
Trade Yearbook , allocated to end-use classes on a two digit SITC 
level. The data for individual countries in each region were pooled 
together for estimates 6f the region, using the technique of 
including an individual constant term for each country. This increases 

the degrees of freedom and offsets the shortness of the observation 

2 ' 

period. N While the R of the estimated equations is low, almost all 
of the estimated coefficients are significant at the 95% level. 
The low R 2 can be attributed in part to the fact that cross-sectional 
coefficients are found in the regressions for imports of services f 
since these are based on straight time series data. 

32. Majdr problems arose with the regressions for South Asia; 
the past history of that region with recurring natural disasters and 
wars makes almost all of the regressions non-significant. Data 

for the period 1968-71 were used to estimate coefficients based 

on simple averages. This implies import elasticities will be close " 
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to unity, btttrthis was not felt to be far from the truth for that 
region, in both South Asia and East/Central Africa the apparent 
stability of investment in the face of unstable output made it 
necessary to substitute an investment function based on total 
income, rather than on incremental income and lagged investment. 
33. To check the validity of the estimates obtained from 

SIMLINK, the preliminary results were compared with projections 
made independently for the 40 countr es of the sample panel, 
aggregated into the same 7 groups. These projections are based 
on country models which though not consistent with international 
demand forecasts do contain more information on individual 
country performance. These models can also provide detailed, 
balance of payments projections, covering aspects of debt servicing 
and creditworthiness^which SIMLINK does nqt handle. Most of the 
adjustments made to SIMLINK are the result of these comparisons. 

IV. Assumptions 
A. OECD Growth 

33. The model has been run using three alternative assumptions 

as to GDP growth in the developed world - largely the OECD countries. 
These are based on an analysis of possible time paths of recovery 
from the 1974-75 recession. The "high" OECD growth case assumes a 
return to full capacity - full employment by 1977-78, followed by 
"normal" growth thereafter. Thus the annual average growth rate 
between 1975 and 1980 is 6.1%, while that between 1974 and 1980, 
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including the major recession year of 1975, is 4.9%, 1/ The "low" 
growth case assumes a longer period of recovery, whereby full 
employment is not reached until after 1980, and annual growth 
averages 4.6% between 1975 and 1980 and 3.5% between 1974 and 1980. 
These two possibilities are considered equally likely, and to 
facilitate exposition an average of the two, "medium OECD growth" 
is used in the base case and in the sensitivity tests, i.e. 4.1% 
p. a. between 1974 and T980. 



Table 9: Alternative Assumptions : Rates of Real 
Growth of GDP in Developed Countries 



(percent per annum) 



1973 



1974 



1975 



1976 



1977 1978 1979 1980 



' High "; 



Japan/Oceania 


9-5 


-.3 


1.2 


8.8 


7.4 


7.4 


7.0 


6.8 


Western Europe 


5.3 


2.2 


1.3 


4.6 


6.4 


5.7 


5.0 


4.8 


North America 


6.0 


-1.7 


-4.0 


5.3 


, 6.5 


6.7 


6.5 


6.5 


OECD Total 


6.1 


- .4 


-.5 


5.4 


6.5 


6.4 


6.0 


5.9 


Centrally Planned 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 



Economies 
"Loir"; 

Japan/Oceania 
Western Europe 
North America 

OECD Total 
Centrally Planned 
Economies 



9.5 


-.3 


1.2 


7.5 


6.1 


6.2 


5.8 


5.8 


5*3 


2.2 


1.3 


2.7 


4.2 


4.2. 


4.2 


4.2 


6.0 


-1.7 


-4.0 


5.0 


4.5 


4.5 


4.5 


4.5 


6.1 


-.4 


-1.5 


4.3 


4.5 


4.6 


4.5 


4.5 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 , 


6.0 


6.0 



1/ All growth rates quoted in this paper are compound growth rates 
between the indicated end points, i.e. 3.5% is the growth rate 
from end 1974 to en<f 1980, and thus does not include growth in 
1974. 
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B. Petroleum Prices 
34. Two assumptions as to the price of petroleum have been 
used in simulations of the model. The basic assumption is that 
the price of petroleum (Saudi Arabian light crude, f .o.b. Ras 
Tanura) remains constant in 1974 prices at U.S. $9. 40 per barrel 
through 1980. The alternative assumption allows for a gradual 
decline in the real, price to U.S. $7. 50 per barrel (1974 = 100) 
by 1980. See Table 10 below: 

T abte 10 

i 

AlternativetPetroleum Price Assumptions 
(US dollars per barrel, f.o.b. Ras Tanura) 

1973 1974 1975 1976 1977 1978 1979 1980 

Case I: 
"Constant" Price 

pTcurrent"! 2.70 9.77 10.46 11.38 12.30 13.22 14.21 15.21 

In 1974 $ 3.27 9.77 9.40 9.40 9.40 9.40 9.40 * 9.40 

Case II: 

Declining Price 1 

In~current~5 ~~ 2.70 9.77 10.46 10.90 11.12 11.25 11. 34 IT. 14 

In 1974 $ 3.27 9.77 9.40 9.00 8.50 8.00 7.50 $.50 



The "constant" price alternative is consistent with OPEC's 
announced intentions to index petrol eiim prices to world inflation 
and to equilibrate supply and demand by controlling supply. It is 
used in the base case with the medium OECD growth assumption. 
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C. Inflation 

35, Forecasts of international* inflation are difficult to 
make but are necessary to run the model. The forecasts used are 
based on projections of internal and trade prices for OECD countries 

(see Table 7 above) . Recent years have seen a sharp difference 
between domestic and trade inflation rates, with the latter 
accelerating more rapidly (and reversing the previous long term 

end) . In addition, b.i.f. and f.o.b. prices have diverged 
sharply, reflecting increased transport costs resulting from higher 
petroleum prices. In -.general, the price forecasts indicate a 
gradual decline in the international inflation rate to about 7.0% 
p. a. by 1980. 

D. Capital Flows 

36. As was noted in Section HIE above, inflows of external 
capital are estimated exogenously for Unavailabilities" version - 
of the model. The estimates used are built up from projections 
made by Bank staff for each of the sample panel^ countries (using the 
country models referred to on p. 2?) , and aggregated to regional totals. 
They are essentially estimates of "demand", in that they measure the 
projected gap between import requirements and export earnings, rather 
than the projected availability of foreign capital. However, it 
appears that the estimates used are roughly consistent with 
projected flows of official a$d private capital from developed 
countries. 
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37. The estimates are made in current prices and deflated 
using the import price index 1/ of each region. Since it has 
been assumed that aid disbursements are not adjusted to world 
inflation (i.e. that the nominal flows are fixed) -^any change in 
the rate of inflation assumed vill also change the estimate of 
real capotal flows. Table 11 shows the assumptions for each region. 



Table 11 



Net Capital Flow- 7 Assumptions 
1973-80 



(US millions $)-' 





1973 


1974 


1975 


1976 


J97/ 


1978 


1979 


1980 


Mineral Producers 


56 


304 


307 


272 


425 


251 


63 


450 


South Asia 


1,304 


3,632 


3,658 


4,344 


4,517 


4,565 


4,829 


5,156 


East Africa 


55 


725 


573 


483 


546 


598 


650 


708 


Mediterranean 


4,008 


6,572 


7,470 


8,092 


8,825 


9,915 


10,888 


11,457 


West Africa 


-37 


13 


265 


211 


244 


223 


• 225 


203 


East Asia 


-280 


2,370 


3,678 


2,512 


2,497 


2,460 


2,606 


2,483 


Latin America 




8,322 


7,322 


6,645 


6,296 


5,819 


4,803 


3,585 


Total: 


5,249* 


21,974 


23,273 


22,559 


23,350 


23,831 


?'• ,064 


24,042 



1/ From official and private sources 
2/ Current dollars 



1/ Set Section IIIL above. 

7/ Though this may appear somewhat extreme, the opposite approach 
using fixed real flows is considered even less realistic. 
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E. LDC Growth Targets 
38. he "requirements" version of the model was run using a 

tarc> <- r?te of GDP growth of <,% p. a. , for all ..ie sample panel 

ou.^ries, for the period 1974-1980. This implies a growth rate 
of only 5.8% for the decade 1970-1980, which 3 somewhat short 
of the target set for the u.N. Second Development Decade (UNDDII) . 1/ 
On the basis of past performance, an average growth rate of 5.0% p. a. 
was proposed for tie low income countries, and of 6.4% p. a. for the 
middle income countries, between 1974-1980. Table 12 shows the 
regional targets established: 

Table 12 

Target GDP Growth Rai.es 
(% p- a.) 



Region 


1974-80 


Mineral Producers 


6.0 


South Asia 


4.9 


»ast/Central Africa 


5.4 


Mediterranean 


7.3 


West Africa 


6.5 


East Asia 


6.9 


Latin America 


6.0 


Low Income 


5.0 


Middle Income 


6.4 


Total - Non OPEC 


6.1 



/ 

1/ General Assembly resolution 2626 (XXV) of 24 October 1970, 
International Development Strategy for the Second United 
Nations Development Decade. 



9 

ERIC 



IGI 



THE OROSS NATIONAL PRODUCT SECTOR 



Exports to OPEC Countri es 



<>»• Because the SIMLINK model is estimated using data for a 
period when the OPEC countries were relatively unimportant in 
world trade, it assumes that OPEC imports will not be above thei* 
1974 level in the years to 1980. Projections of imports of goods 
and non-factor services by these countries are taken from the 
Bank's SIMRICH model. In 1972, the 40 sample panel countries 
accounted for only 5.9% of all OPEC imports (excluding military 
goods) 1/, but if they can maintain this share ir. future, as is 
assumed here, it could become an important source of export earnings. 
The OPEC countries' projected imports vary with their earnings 
forecasts, which in turn vary according to petroleum prices and 
OECD growth rates (which determine export volume) . Table 13 shows 
the values of exports to OPEC from the sample panel countries under 
alternative oil price and OECD growth assumptions. 



Table 13 



Sample Panel Countries' Exports to OPEC 
(Billion US$) 



/ 



OECD growth: 
Oil Price: 



II 



constant 



high 



it 



it 



low 

constant 



ti 



high 
declining 



low 

declining 



1972 1,089 1,089 1,089 1,089 

73 1,457 1,457 1,457 1,457 

74 2,904 2,904 r 2,904 2,904 

75 3,925 3,925 3,925 S.925 

76 4,517 4,479 4,498 4,461 

77 5,829 5,636 6,452 5,364 

78 7,272 6,846 6,452 6,124 

79 8.626CX , 7,939 7,261 6,763 

80 9.806CX 8.868 7,918 7,274 
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V. Results of Simulations 

40. This chanter describes simulations using the base case 
(medium OJCD growth at 4.1%, oil price constant at $9.40 in 

1974 $) in some detail, and compares the results with those using 
the other OECD growth and oil price assumptions. Section B describes 
alternative simulations which show possible ways in which developing 
countries can achieve higher GDP growth rates. Detailed results 
are given in Appendix III. 

A. Exports, Growth and Capital Requirements 

41. Table 14 shows, exports of primary products are 
relatively insensitive to growth in the developed countries. 

Table 14 

Export Volume Growth Projections by Commodity Class 1974-80 

(% p. a.) 

High OECD Medium OECD Low OfiCD 
Growth Growth Growth 



Agriculture (food) 


3.0 


2.9 


2.9 


Agriculture (non-food) 


3.7 


3.6 


3.6 


Minerals & Metals 


4.9 


4.6 


4.3 


Petroleum & Fuels 


10.0 


10.0 


10 0 


Manufactures 


15.2 


13.2 


11.0 


Services 


6.9 


6.2 


5.5 



Exports of manufactured goods from developing countries are much 
more sensitive: with high OECD growth, export volume expandr at 
15% per year, and with low, at only 11%. Exports of services are 
also fairly elastic with respect to OECD growth. 
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APPENDIX I 
' T«blc 1 

Sample PjUfl Countrlas' Imgort Composition 
(1972, millions $) 



Regional Group 



Food and Inter- 
Food mediate Fuels Capital Consumer Total 
Products Goods Goods Goods 



Mineral Producers 

South Asia 

East /Central Africa 

Nediterannean 

West Africa 

East Asia 

Latin America 

Total: 



$ 
X 

$ 
X 

$ 
X 

$ 

X 

$ 

X 

$ 
% 

$ 

X 

$ 

X 



701 
13.6 

889 

21.3 

180 
11.5 

1045 
11.9 

236 
18.4 

826 
12.4 

93: 
8.0 

4809 
12.3 



1256 
24.4 

1736 
41.7 

626 
40.0 

363.1 
41.4 

452 
35.3 

2578 
38.7 

4197 
36.2 

14476 
36.9 



207 
4.1 

260 
6.2 

63 
4,1 

479 
5.5 

59 
4.6 

624 
9.4 

755 
6.5 

2447 
6.2 



1307 
25.4 

1029 
24.7 

489 
31.3 

2956 
33.7 

339 
26.5 

2012 
30.2 

4749 
41.0 

12881 
32.9 



1685 5155 
32.7 



254 



206 
13.2 

654 
7.5 

193 
15.1 

628 
9.4 



4168 
1564 
8765 
1279 
6667 



956 11589 
8.2 ' 

4576 39189 
11.7 
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APPKNDI1 I 
Table 2 

Export Shgreg by Regional Groups 
1972 



Exoort 


funeral 

Frod. 


South 

All* 


East 
Air. 


Mediter- 
ranean 


West 
Afr. 


East 
Asia 


Latin 
Aaeri< 




















• 000 


AAA 

• 000 


• 002 


.009 


.000 


.000 


.058 


OaA AJi 


• OOl 


AAA 

• 000 


AAA 

•000 


.000 


.183 


.043 


.006 


a. /\ A^IMHI*" A4 1 

wOCODUt un 


AAA 

• 000 


AAA? 

.006 


AA1 

•001 


.000 


.000 


.011 


.000 


iHJEXee 


• 011 


At A 

• 010 


• 190 


.000 v 


.119 


.028 


.121 




• 395 


AAA 

• 000 


AAA 

•008 


.000 


.000 


.027 


.016 




AAA 
• 000 


AA1 

• 002 


AAA 

• 000 


.000 


.000 


.014 


.000 


/V^f- #» am 
wllUU 


AA9 


AOI 

• 023 


.168 


A A t- 

• 084 


.007 


.000 


.027 


^pjumjlmit" M 


AAA 
• 000 


AAA 

• 002 


•020 


• 001 


.002 


.001 


.001 


RvAIMIllllllf 1 

v 17U tUjUU UC Ull 


AAA 

• 000 


AAA 
• 000 


AAA 

• 000 


AAA 

• 000 


.035 


.001 


.003 


iron v/re 


.051 


• 042 


AAA 

•000 


• 000 


.006 


.003 


.022 


Tat** a* 


AAA 

• 000 


• 140 


• 000 


.000 


.000 


.007 


.000 


naize 


AAA 

• 000 


AAA 

• 000 


•003 


•001 


.000 


.011 


.015 


ram oil 


• 004 


.000 


• 000 


• 000 


.007 


.ol6 


.000 




At A 

• 019 


AA ^ 

.006 


• 000 


• 029 


.008 


.043 


.013 


Uce 


.000 


.011 


.002 


• 006 


.000 


.02b 


.001 


lubber 


.011 


.011 


• 000 


• 000 


.004 


.079 


.001 


Sugar 


mo 


ni a 


AA1 
• OOl 


• 004 


AAA 

.000 


AAA 

.029 


A / A 

.049 


Tm 


.000 


.in 


.046 


.001 


.000 


.000 


.001 


Tlaber 


.005 


.002 


.004 


.010 


.107 


.069 


.006 


Tin 


.026 


.000 


.000 


.000 


.000 


.058 


.001 


tobacco 


.001 


.028 


.023 


.033 


.001 


.007 


.008 


Wheat 


.000 


.000 


.001 


.002 


.000 


.000 


.008 


Other Agriculture (Food) 


.095 


.115 


.157 


.162 


.094 


.029 


.192 


Other Atrlculturc(Non-Food) 


.007 


.068 


.067 


.000 


.008 


.054 


.033 


Other Minerals & Metals 


.143 


.019 


.003 


.038 


.058 


.000 


.035 


Manufactures 


.038 


.322 


.035 


.260 


.089 


.266 


.149 


Hon-Factor Services 


.182 


.072 


.269 


.359 


.272 


.178 


.236 


Total Exports (in all lions $) 


4579 


4225 


1828 


8453 


1959 


8110 


13878 



Note: Total sharee aay not add to 1.0 

due to rounding. 
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APPgMDII II 

' Co— odlty Mgdgg 

This appendix givea the detailed conmdlty Models used in SWLTM-III, 
•long with their econometric properties.. While each Model usee slightly 
different notation, the following are coonon to all : 

Exogenous Variables t 

PI - International Price Index 

T63 - ONP of the CECD countries in constant 1963 $« 

Endogenous Variables 1 

HP • real price in 197U US $ 
Q ■ quantity produced 
X * quantity exported 
S * stocks 

All variables are for current time period unless subscripted otherwise. 
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EBEF (N. Hicks/ R. Hunt): 
QUA- 



QEU- 



QOTH- 



-769.il + 20.21* RPB. . + 16.92 RPB. , 
o (U.21) U1 (U.63) *"* 

IT - .858 DW- 2.32 1959-72 

2861.6 + 12.13 RPB. , 
_ 2 (6.30) t * 3 
R - .71*9 DW- 1.31 1959-72 



OLA- 1*883.2 + 8.51*9 RPB t , 3 + 6.071* RPB. 



(2.23) 



R 2 



(3.36) 
-23.62 RPWH 
(2.38) *-l 
.860 DW- 1.55 1959-72 



V4i 



7871.6 + 381.6 T + 5.077 RPB 
- (11.56) (1.1*9) *"2 

R - .970 DW- 2.02 1959-72 

QB- QNA + QEU + QLA + QOTI! 

RPB- 799.3 - 7.001*7 (QB/IEU) 
o (8.88) 
T - .821 DW- 1.10 1955-72 



Production, North America 
•000 metric tons 



Production! Europe 
•000 metric tons 



Production! Latin America 
i 000 metric tons 



Production, all other 
•000 metric tons 



Production, total 

Real price, beef, U.S.0 'kg 



Exogenous t 

T- time trend, 1955- 1 
IEU- ONP Europe, 1963 U.S.$ 
RPWH- real price wheat , 197^ prices 
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COCOA (N. Hlcka/ P. Teung) t 

RPC- lolt.3 - .1*512$ MAPC - 6.7W*8 MS , - .1011 QC 
(3-26) (U. 28) (8.18) 

♦ .0533 Y63 
^ (5.61) 

r - .867 DW- 2.27 1955-73 

MS- .3692 ♦ 221.1 (1/RPC) 
_2 (7.61) 

R • ,760 DW- .379 1955-73 

QCNI- 81* .68 ♦ 1.183 RPC + , 7 ♦ U.32i* T 
« (3.07) W ' (2.09) 

iT - .769. DM- 1.86 

0COH- 91*. 18 ♦ 3.077 AP12 + 7.307 T 
_ 2 (3.60) (2.89) 



.653 



DW= 1.51 



QCCA- U5.15 + .16328 RPC. * 2.701 T 
. * (2.12) W7 ,6.57) 

R = .909 DW- 1.98 



real price cocoa 

(U.S.tf /pound) 



months stocks 

('000 long tons) 



Production, Nigeria 

('000 long tons} 



Production, Ghana 
('000 long tons) T -Jses 
5 year moving average of 
prices centered on a 12 yr. 

Protraction, Cameroon 
( '000 long tons) 



QCIV- 33. UO ♦ 8.212 T 



R' - .837 



(9.67) 



DW- 1.70 



Production, Ivory Coast 
( '000 long tons) 



QCR" 



199.6 ♦ 6.6158 T 

« (9.21) 
IT - .823 DW- 2.10 



Production, rest of world 

('000 long tons) 



QC- QCNI + QCGH + QCCA + QCIV + QCR + QX 
MAPC- (RPC t _ 1 * RPC t _ 2 + RPC t _ 3 )/3 



KPU- (RPC 



♦-10 



+ RPC 



Production, total 
Moving average price 



Exogenous x 

T- time trend, 1955- 1 
QX« extra output frrm improved productivity 

(« 30 long tons in 1975 rising to 150 by 1980) 
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Coffee Model t Icnutloiu 19li7A6-1 
log Qj r - 0.69262 ♦ 
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2. 



aaass gBSSttHB ***i"»>-t7ic/73 (Job. de Vries) 

0.69262 ♦ 0.32609 log QAV? r _ ♦ 0.UU366 log PA7 4 „ ♦ 0.2 log P. „ 
(1.36) *- 7 (U.32) ^ J£ (fixed) w1 

- 011*601 log (Q? r 1 /Q? r J - 0.1*6559 (*5jL^ll) 
(2.02) . (1.96) Qtf£ 7 

- 0.36152 D1? r - 0.83875 »J r 

(3.05) * (6.60) * 

R 2 - .810 DNS 1.888 

\ 

log <£ o1 - 1.1*5585 ♦ 0.55961 log Qk£°l * 0.1 761 2 log PAV* 7 ♦ 0.03 log P* , 

(5.73) W (1*.21) W (fixed) *" 1 

+ 0.02527 Dlf 01 
(1.58) * 

R 2 - .800 DBS - 1.578 



3. 



log Q 



R 



.962 



-5.2557 ♦ 0.95693 log QAV?" ♦ 0.1*5997 log PAV f 7 ♦ 0.0619? log P* , 
(16.07) W (9.02) W (0.77) *" 1 

- 0.21*51*9 log (Qf "/of?) 
(2.2U) t_1 2 

DVB - 2.065 



1*. 



0.63021* ♦ 0.8231*3 log Qitf*? ♦ 0.13676 log PAV. 7 ♦ 0.0301? log P + , 
(23.1*1*) w (5.7U) *" 7 {0.90) 



- 0.31*088 log (q!*X"J> 
(3.36) t " 1 W 



R 2 - .982 CMS - 1.725 



5. 



log qj* 



- 3.1*0738 ♦ 0.7661*7 log QAV^J ♦ 0.1*3605 log PAV. - ♦ 0.12335 log P A , 
(28.57) W (10.1*8) W (2.08) t_1 



R 2 - .988 DM3 - 2.275 
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6. log qf* - - U.3I0W ♦ 0.65623 leg QllJJ. ♦ 0.14286 log BML . ♦ 0.1 log P. , 

- 0.59811 my ♦ 0.U0167 »?* 
<fc.9$) * (1.7W 1 

* 2 -,9l|2 BIB -1.1*2 



9. 



P t - - 300,2 ♦ 0.51296 P. ♦ 2162.3 ;"V n " 2 - 1.0ll|Q$ ( H " H " 2 ) p t . 
t (9.U7) ** 1 (10.59) ^♦Qt (6.28) *t-2 ' *" 1 



♦ Wi9.7DIC t 
(2.32) * 

B 2 - .960 IMS - 2.599 



10. log cP* 0 * - 2.U1U»7 - 906 10" 11 (P. J 2 ♦ 0.77738 log I? 60 * 
1 (7.88) (19.1*2) H 

H 2 - .965 DMS - 2.685 



11. Cj** - 22,909 - 0.2527U.10 18 (ij 8 *)" 1 * - 0.6L6 P t + 912.UU (P + /P. .) 

(10.09) X (iu.10) (2.65) 1 1-1 

♦ 583.66 •xp(-0.1(t-l6) 2 ) 
(3.li6) . 

B 2 - .960 IMS - 1.767 



12. log - 1U.3071 - 5U.70U (iOthor r 0.3?5 Q 26u$ ^ ( uo., i 

* (51.78) * (9.5U) * (5?69) t+1 1 

B 2 - .995 MB- 2.519 



13. - Of"" 1 ♦ ♦ cf^ 6 * ♦ (SJf* - s£ B ») 
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Coffee Model: Symbolg Uaed 



Regions 



QA7 t 

P t 
PAV A 



; Total harvested production of coffee in thousands 
of 60 leg bags. 19U7A8: t»l 



: br 
col 
sam 
nam 
aftr 
as 



Brazil 
Colombia 

South America excluding Brazil and Colombia 

North America 

Africa 

Asia and Oceania 



t The five year weighted moving centered average of Qts 
QAV t - 0.25 Q t -2 + 0.75 Q t-1 + Q t + 0.75 Qtfi ♦ 0.55 Qt +2 H 

: Real price^of coffee, in US* per 100 pounds, unit 
- - ■ 'T.o.b.). 



value of OS imports (f , 
s The three year moving centered average of P : 



A 



It 



w other 
Y t 

prod 



usa 



^other 



: Index of US wholesale prices, 1967» 100. 

: GNP of USA at market prices in hundreds of millions of 
1963 constant US$. 19ii7: t«l 

: GNP at market prices of OECD countries other than 
the USA, in hundreds of millions of 1963 constant US$. 

: Domestic consumption of coffee in producing countries, 
in thousands of 60 kg. bags. 

: Net Civilian Visible Disappearance of coffee in the USA, 
in thousands of 60 kg. bags. 

: Consumption in importing countries other than the USA, 
as measured by total exports from producing countries 
minus US Net Civilian Visible Disappearance and minus 
the increase in US inventories. In thousands of 60 kg. 
bags. 



\ 



A To simplify calculations division by 3 has been omitted. 
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C t : World disappearance of coffee, as measured by total 

exports from produateg countries plua domestic 
consumption In thWfiountries . In tfaouoarls of 60 kg. 
bag*. 19fc7A8t 

prod 

S : Beginning of period stocks in producing countries, in 

thousands of 60 kg. bags. 191*7 A8: t-1 

SjJ 86 : Beginning of period inventories of green coffee in the 
USA, In thousands of 60 kg. bags. 1*^7/18: t-1 

Dl* r : Dummy variable to capture the effects of Brasilian frosts 

in 1953 and 195$. It is unity in 195U/55 and 1956/57, and 
zero in all other years. 

D2^ r : Dummy variable to capture the effects of Brasilian frosts 
in 1963 and 1969. It is unity in 196V65 and 1970/71* and 
zero in all other years. 

col 

Dl£ : Dummy variable to capture the effect of the biennial cycle 

in C lombia. It is nil in non-cyclical years (t«U-8, 25 and 26), 
-1 in "off years" (t-l,3,10,l2,lL,l6,18,20,22,2U) and 1 in 
"on years" (all other years). 

Dl t : Dummy variable to capture the direct affects of the war in 

Indonesia on production in Asia and Oceania. It is unity 
from 19U7/U8 through 19U9/50, and zaro in all other years. 

as 

D2^ : Dummy variable to correct for the underestimation of past 

production capacity by lagged production for the Asia and 
Oceania region due to the war in Indonesia. It is 0.5 in 
19l'7/U8 and 1956/57, unity in the intervening years, and \ 
zero in all other years. — ' 

DIC t : Dummy variable to capture the effect of the establishment 

of ICO on p-lces. It is unity in 1963/6U and 196U/65, 0.5 in 
1965/66 and 1966/67, and zero in all other years. 
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COPPER (f. Pinto/ K. Takeuchl) 



RWMP" 

MP- 
GR* 

PR« 

TPR« 



.7123 USMP + .026U RPCU - 29k. 9 DUKL 

- (7.97) ul (3.95) (U.73) 
R 2 - .8UU DW - 1.95 1953-73 

.9763 RWMPt-i ♦ .1303 RPCU , 

- (3U.5) (2.8) *- 4 

R ■ .988 DW - 1.53 1953-73 



USMP + RWMP 

.5776 CR +1.989 Y63, 
^(3.13)^ (3.19) 
R' - .979 DW = 1.70 

1.059 MP + .2528 RPCU* 
^(51.7) (5.U) 



.21*97 RPCU 
(2.88) t " 1 



K - .992 
PR + DUMRP 



DW - 1.27 



TCR- CR + DUMBC 



RPCU? 6817.0 + .76k2 RPCU _ - 61*07.6 (TPR/TCR) 
* (9.92) t" 1 (8.6) 



R 2 



- DUM2 

(h.o) 

.889 DW - 1.70 



U.S. Mine Production 
•000 metric tons 



Mine Production, 
rest of world 
■000 metric tons 

Mine Production, total 
'000 metric tons 

Refined Copper 
Consumption 

•000 metric tons 

Refined Copper 

Production 

•000 metric tons 

Total Production 1 
adjusted 

Total Consumption, 
adjusted 

Real price, copper 
USf/metric ton 



Exogenous : 
DIM. 

DUM2 

DUMRC 
DUMRP 



Dumngr variable * 1 in 195U, 1959 , and 1967 j 

zero for all other years . 

Dumny variable « 1 in I960 and 1972; 

zero for all other years . 

adjustment to feonsumption 

adjustment to production , 
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FATS AMD OILS 'P.Pollalc) ; , > 

r 

A. Price Equationat (U.S. $ per metric ton) 

psoy - oi.ou + 1.97U pitot - 0.019 xsor + 0.020 Y63 

PONO - 393.U8 + 1.597 PITOT - 0.228 XONO + 0.01 T63 
PCOT • 170.1*3 + 2.306 PITOT - 0.?95 XCOT + 0.05 T63 
^3UN - 10f.2U + 2.088 PITOT - 0.056 XSUN + 0.037 T63 
PRAP - 86.88 + 1.85 PITOT - 0.073 XSAP + 0.02 I63 
PCOC - U50.U8 + 1.623 PITOT - 0.223 XCOC + 0.0001 T63 
PKER » 81.32 + 1.832 PITOT - 0.027 XKER * 0.0001 T63 
POLV - 335.58 + U.975 PITOT - 1.811* XCLV + 0.0001 Y63 
PLRD ■ 201.98 + I.335 PITOT - 0.212 XLRD + 0.007 T63 
PALM - 98.90 ♦ 1.912 PITOT - 0.083 XALM + 0.011 X63 
PFSH - 1.87 + 1.651 PITOT - 0.023 XFSH + O.Olli I63 
PTAL ■ 138.21 + 1.831 PITOT - 0.101 XTAL + 0.007 Y63 
b. Export Equations; ('000 metric tons) 
-30Y - -U92.96 + 0.5207 QSOY 

mm ' 3Ui.oi + 0 10]/ qgno 

XCOT " -220.12 ► J.2208 QCOT 
X3IIN " -708.11 + 0.3551 QSUN 
XRAP ° -27? 63 + C.U57U QRAh 
XCOC - U08.27 + 0.U191 QCOC 
XKER - 160.125 + 0.1*082 QKER 
XOLV ■ -32.32 + 0.1098 QQLV 
XLRD - -23.17 ♦ 0.1202 QLRD 
XALM - -163.U* + O.6369 QALM 
XFSH ■ -115.75 + 0.6975 QFSH 
XTAL - -3U9.U8 ♦ O.U373 QTAL 
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PITOT -21 POL 
i-1 
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it io 
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POL - ' 
io 



W 



io 



Soybean Oil 
Groundnut 051 
Cottonseed Oil 
Sunflower Oil 
Repeated Oil 
Coconut Oil 
Palm Kernel Oil 
Olive Oil 
Lard 

Palm Oil 
Fiah Oil 
Tallow 

Soybean Oil 
Gi oundnut Gil 
Cottonseed Oil 
Sunflower Oil 
ivapeaeed 'Oil 
Coconut 013 
Palm Kernel Oil 
Olive Oil 
Lard 

Palm Oil 
Fish Oil 
Tallow 



FAU Price Index, 

aV fats ar.d -il« 
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Projected 

C. Exogenous Production Estimates : Growth Rate 

(»000 metric tons) 



osor 


Soybeans 


5.7 


QGNO 


Groundnut Oil 


2.3 


QCOT 


Cottonseed Oil 


.6 


QSUN 


Sunflower Oil 


1.7 


QRAP 


Rapeseed Oil e ' 


3-3 


QCOC 


Coconut Oil 


1.3 


QKER 


Palm Kernel Oil 


.15 


QOLV 


Olive Oil 


2.5 


QLHD 


Lard 


1.1 


QALM 


Palm Oil 


U.8 


QFSH 


Fish Oil 


1.0 


QTAL 


Tallow 


1.6 
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IRON ORE (F. Picto); 

SCTOT - -51*22$. + 287.78 Y63 
-2 (27.2) 



THE GROSS NATIONAL PRODUCT SECTOR 

i 



.978 



DW n 1.97 



PROD 



UTldf^ .7628 - ,0060c T 
-2 (2.94) 
R - .U63 DW ■ 

FRCDP - (1 - RATI03) PROD 

XLDC - .7288 PROOP 



1.0901 SCTOT + 2601.2 RPRS 
-(37.29) (6.07) 
JR • .91*8 DW - 2.09 



.61* 



Exogenous > 

RPRS - Real price of iron ore (in US$/n»tric ton). 



Steel Con emotion, tote: 

•000 metric tons raw 
"^steel equipment 

Iron Ore Production, 
world total 
•000 metric tons 

OECD share production 
of iron ore 



IDC production »0OO m.t. 
IDC exports •000 ra.t. 
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RICE (N. Kicks); 

RPRC - -1*7.1*81* + .233U Y63 - .0166$ QXRC 
s;.37) (3.28)% 
+ 3.159 RPWH - 909.U ORIPI 
(11.78) (U.52) 
.939 DW • 2.1*5 1961-7U 



R2 



QPUS - 1106.9 ♦ U .51*19 RPRC+ , ♦ 107.8 T 
(3.57) " X (5.26) 
R 2 - .783 DW ■ 1.20 1962-7U 



XUS = -207.8 + ,5028 QPUS 



t-1 



QPCH - S6368.I + 1961.7 T ♦ 5598.6 RL3 
(13.27) (3.75) 
- .962 DW - 2.90 1962-71* 



Real price, rice 
US$/metric ton 



U.S. Production (paddy) 
"000 tons 



U.S. Exports (milled basis) 

•000 tons 
China, production (paddy) 

•000 tons 



RL3 - RPRC t . 3 /RPWH t . 3 

XCH - 1212.1 ♦ .01736 QPCH ♦ 1.950 RPRC 
_o (2.30) (2.56) 

R -■ .513 DW » 1.U8 1961-71* 

XOTH - -5.2UU ♦ 69.13 T ♦ 5-981*6 RPRC, 



(3.29) 
.606 DW 



(3.1*6) t_2 
2.99 1961-71* 



XRC ■ XUS + XCH + XBU + XTH + XOVH 



Relative Tico, rl:e:t;noat 

China, exports (milled basis) 
•000 tons 



Exports, other j 
•000 tons 



Exports, total 



Exogenous: 

T« time tiend, 1955- 1 
ORIPI- growth rate IPI 
XBU** export*, Barm 
XTH* exports, Thailand 
RPWH- real price wheat (US$ -'metric ton) 
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RUBBER (J. Punning/ E . QrllU) i 

•la(C ♦ CS) m .2.36 ♦ I.52 in #3 

(U2.2) 

" ■ .992 1957-72 

C/(C ♦ CS) - .23 ♦ 1*70.7 (1/Q3) 

(13.6) 
1960-72 



R 2 



.939 



IHS ■ .000083 RPR ♦ .016 T 
Jl (U4.8) (20.7) 
R - .883 1955-70 



THS - .17 + .000025 RPR ♦ .018 T 
" ~ % . (32.8) 



QM 
00 
R 2 - 



AMMS 



(3.0) 
YM& ♦ AMME 



YME 



• 1180.2 ♦ 37.75 T 
(8.1) 

.832 1957-70 



Q ■ QO + QM 

RPR - 932.9 + .66 RPR 

t-1 

(3.5) 

-2 

R - .730 1959-1972 



- 1.02 (Q+STD-C) 
(2.1) 



Total Consumption 



Natural: Total 
Consumption 



Yield , Malaysan 
small holders 



Yield, Malaysian 
estates 

Malaysian Production 
Other Production 

Total Production 
Real Price 



Exogenous : 

QS - synthetic rubber production, >000 mtric tone. 

m - changes in government stockpiles f. 0 in projection oeriod) 

T - titie trend, 19^5-1. 



Notation 



OS 



- Consumption of natural wooer (excl. Eastern Eurooe and China) in 
•000 metric tons. 

~ Consumption ofVnithetic rubber (excJL. Eastern Europe and China). 



YK5, YME- Yield Malaysian smallholders, estates, in metric tonAcre. 

Q - World production," 1 natural rubber, '000 metric tons. 

STD - Deliveries from government stockpiles, »000 mevric tons. 
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3XAP (E .Brook/ P.Pollak)i 



log SP » -.9698 ♦ .3615 log SP. . - .3783 log DHL , 

(U.23) tml (-7.36) ^ 



R 2 - .87 



-1.529 log(l/IPF) ♦ 2.2161 log (1/IPF) . . 
(2.55) (2.98) t " 1 

DW - 1.2k 



log AHEU - .1237 + .9513 log AHEU+ T 

(23.67) W 
♦ .099U log SP*., 
-o (3-3U) 1 

R - .96 DM - 2.18 

log AHUSC+ • -U825.U + 10U.1 PUS ♦ 31.22 POPUS + 
% (3.7U) «■ (3.35) 

♦ .3110 AHUSC - 91.31 T 
o (1.98) t-1 

R - .59 DW - 1.97 

AHUSB+ »• -7270.3 + .3573 AHUSB. .. 
* (2.37) t " 1 



R 2 - .91 



+ 11U.7U PUS+ , + U6.12 POPltf - 110 .U T 
(2.36) t " 1 



DW - 2.26 



AHUK - 12. 3^5 * 2.162 SP + , + .8632 AHUK + , 
_ (1.31) 1 (6.7Ur 1 

R* - .7U DW - 2.38 

log AHRWB - log 3.1388 + .01186 T 
_2 (12-W) 



.90 



DW - 1.86 



log AHFWC - .332U ♦ .9177 log AHRWC. , 

(26.73) t-1 
2.10 



R 2 - .97 



DW 



CRW 



CRW t _ 1 * (1 + QRY63) 



Sugar price, 1972$ 
US //pound 



Area Harvested, 
Eastern Europe 
•000 ha. 



Area Harvested 

U.S. (Cane) 
•000 ha. 



Area Harvested 
U.S. (Beet) 
•000 ha. 



Area Harvested, 
U.". »0O0 ha. 



Area Harvested 

rest of world (Beet) 
•000. ha. 

Area Harvested 

rM .te f i£ rld ' (Cane) 

(k)nsunptiori7"rest of 
world '000 tons 



EPEU - 3.0 AHEU - CEU 

EPCH - 3.8 AHCH - CCH 

EPCU - 5.1 AHCU • CCU 

EPRW - 3.U5 AHRWC ♦ 5.2 AHRWB - CRW 

ECUS - CUS - 2.3 AHUSB t - 3.U5 AHUSC 

ECUK - CUK - 5.8 AHUK 



XHR 



U ♦ EPCH ♦ EPCU ♦ EPRW 
EUUS * ECUK 



Excess production, 
Eastern Europe '000 tons 

Excess production, China 
'000 ions 

Excess production Cuba 
•000 tons 

Excess production , rest 
of world '000 tons 
Excess consumption, 
U.S. '°00 tons 
Excess production, 
U.K. '000 tons 
Excess production- 
consumption ratio 



ERIC 



1 



toogtaoua i 

AHCH» arm threat tad (Mm 

CEU - oonmwptipn, JEaatarn Rurop* 

CCH - oonviwpUon, China 

QGU » coRWWpUPW, Cuba 

QHT63 n growth rata T63 

T - Tlnw trtnd, ly$2 - 1 

Yiild par h*. - 3,0 towi' 



froJgctad Growth 
6.5* 
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TEA (N. Hicks)* 



RP - U03.3 - 1*0.U26 log QWP - 1.991 T 
(2.29) (3.53) 
+ Ui,338 D68 
ik.$9) 

.972 DW ■ 2.01 1955-72 



R 8 



QWP - 2.29U M ♦ 1.295 RP. , - 502.8 

« (13.71) (1.93) t,J » 
R - .921 W - 2.1*6 1955-72 



-2 

R 



M - 673.7 + .1160 Y63 - 1.601*6 RP 

(2.52) (2.77) t-1 

.937 BW - 2.06 1955-72 



Real price, tea 
US //pound 



World Production 
('000 metric tons) 



World Imports 
('000 metric tons) 



Exogenous : 

T *= time trend, 1952 - 1.0 

D68 ■ dxmty variable, = zero after 1967, =1 before 1967 



TIM (F. Pinto) : 

MP - .8517 HP* , + .0051 RP. . 
o (U*.27) W (2.86) 
R • .92 DW • 2.08 1961-73 

SUPPLY « MP # OBP 

CT - 160.2 ♦ .582 CT , ♦ .0118 RPT 

(3.8) « (3,7) t-1 
- 288.6 (BPA W ) + ,0235 163 



R 2 



(3.05) TWf ^ r " (2.37) 
.9U Drf « 1.72 1951*- 73 



RPT* - 3250.2 + .6828 RPT. . - 1*907.8 (STK/CT) 
(5.3) U1 (2.3) 



R 2 



.766 



DW • 1.58 



195U-73 



Mine Production 
'000 metric tons 



Total Supply '000 m.t. 
Consumption '000 m.t. 



Real price, tin 
US$/metric ton 



STK • SUPPLY - CT + STK 



t-1 



Stocks 



IPA - Real price aluminum, US$/metric ton (197U ■ 100). 
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Editor's note: The GNP projections developed by the Workshop on Alternative 
Energy Strategies (WAES) with assistance from the World Bank were used in the 
Global 2000 Study (1) because the U.S. Government has no capability to make the 
disaggregated global economic projections needed for this Study, (2) because the 
World Bank/WAES GNP Projections were recommended by the World Bank staff , 
and (3) because there was no alternative. The computer printout for the World Bank/ 
WAES GNP projections was destroyed long ago. Even the World Bank model with 
which the projections were made has been modified significantly and no copy of the 
original model retained. Chapters 3 and 16 of Volume 2 of the Global 2000 report 
provide as much information as could be obtained on the World Bank/WAES GNP 
projections. The only information on these projections that was published by the 
WAES Study team is on pages 217-22! of the Third Technical Report of the Work- 
shop on Alternative Energy Strategies, Cambridge, Mass.: M.I.T. Press, 1977. 
These pages are reprinted here. 

Reprinted from Energy Sunpfy-Demand Integrations to the Year 2000: Global and National Studies 
edited by Carroll L. Wilson et al., by permission of The M.I.T. Press, Cambridge, Massachusetts. Copy- 
right ©1977 by the Massachusetts institute of Technology. 




ERIC 




DOCUMENTATION OF THE WORLD BANK/WAES GNP PROJECTIONS 



169 



Energy and Economic Growth 
Prospects for the Developing 
Countries 
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6.1 PREFACE 

The Workshop on Alternative Energy Strategies 
has focused on projected energy supply and de- 
m nd in the industrialized worid. Members of 
WAES come from fifteen countries, most of them 
in the industrialized world outside of Communist 
areas (WOCA). We believe that the actions of these 
countries— or their failure to act— to alleviate pos- 
sible future shortages of worid energy will signifi- 
cantly affect the energy prospects of the develop- 
ing nations. 

In the WAES analyses, it is necessary to make 
assumptions about the energy supply and demand 
patterns in what is termed "Rest of WOCA"- 
WOCA countries outside Western Europe, North 
America, and Japan. These countries consist pri- 
marily of the developing countries (both OPEC and 
non-OPEC) but also include Australia, New Zea- 
land, and the Republic of South Africa. 

We have relied extensively on others with knowl- 
edge of these countries to help analyze their future 
energy supply and demand prospects. In particular, 
individuals from the International Bank for Recon- 
struction and Development (Worid Bank) have 
been moat helpful in estimating developing country 
economic growth rates to 1990, deriving relevant 
income elasticities of energy demand, and providing 
energy supply estimates to 1980. 

The energy supply estimates by fuel type for 
1980 to 1986 come from Worid Bank and WAES 
sources, and the 1985 to 2000 figures are taken 
from the WAES global supply estimates for oil, 
gas, and coal. 

The energy supply-demand estimates in this paper 
are very tentative. Historical data on energy con- 
sumption in developing CQun tries are generally in- 
complete and are clouded by the fact that a signifi- 
cant proportion of total energy consumption 
comes from noncommercial sources such as fire- 
wood, cow dung, and vegetable waste. The survey 
also attempt* .to cover over ninety countries and so 
is exceedingly general in nature. 

This report was prepared jointly by William F. Martin 
(WAES Staff) and Frank JJ\ Pinto (Consultant to WAES 
and the World Bank). The author* gratefully acknowledge 
the written papers and verbal communications received 
from Nicholas Carter, John Foster, and William Humphrey 
O of the World Bank and Alan Strout of the MIT Energy 
Laboratory. 



This report attempts to answer the following 
questions, which are essential to the WAES global 
supply -demand analysis: (1) Given certain assump- 
tions regarding economic growth, what is the prob- 
able range of commercial energy consumption in 
the developing countries during 1985 and 2000? 
(2) What potential domestic energy supplies are 
available to help these countries meet their antici- 
pated demands? (3) What would be the probable 
range of desired imports (or exports) of energy by 
these countries? Possible answers to these ques- 
tions represent the boundaries of the study. We 
recognize that the developing countries will need 
appropriate mechanisms to help them achieve de- 
sired levels of economic growth and that new ar- 
rangements may be needed to assist developing 
countrie in meeting the rising costs of energy. 
Such arrangements must be part of a broad and 
complex system of existing economic relationships 
and institutions, an analysis of which is outside the 
scope of the WAES study. 

6.2 INTRODUCTION 

This paper focuses on the energy and economic 
growth prospects of the OPEC and non-OPEC de- 
veloping economies in the worid outside Commu- 
nist areas (WOCA). 1 

6.2.1 Projected Shares of World Energy 
Consumption 

Primary energy consumption in the developing 
countries during 1972 constituted approximately 
15 percent of total WOCA energy consumption. As 
these countries industrialize, their share will rise 
relatively faster than that of the industrialized 
world. The WAES global supply-demand integra- 
tions suggest that the developing countries could 
consume a* much as 25 percent of total *vorld en- 
ergy by the year 2000, as Figure 6.1 illustrates. 



1. Eatimatee of energy supply and demand for Australia, . 
New Zealand, and the Republic of South Africa are alto in- 
cluded in the worksheet* in section 6.6. Because these 
countries did not participate in WAES, it was necessary to 
make provisional estimates for them on th* basis of pub- 
lished source material and information from individuals 
within the Workshop who were familiar with th energy 
prospects hi these countries. 
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Figure 6.1 
Shares of WOCA energy com umption. 

6.2.2 Developing Country Coverage 
The 93 developing nations in WOCA considered in 
this analysis are divided into two mjgor groups: (1) 
the 13 OPEC countries and (2) the non-OPEC de- 
veloping nations of Asia, Africa, and Latin Amer- 
ica, The latter group is further divided into two 
classifications according to per capita income (the 
number of countries in each category is in 
parentheses): 

• Lower-income countries comprising those devel- 
oping economies with per capita annual income 
below $200. The countries in this group fall into 
two regions: South Asia (7) and lower-income sub- 
Sahara Africa (20). 

• Middle-income countries omprising those devel- 
oping^ onomies with per capita annual income 
above $200. These countries car. be grouped into 
three regions: East Asia (9); Caribbean, Central and 
South America (21); middle-income sub-Sahara 
Africa and West Asia (23). Per capita incomes range 
from $200 to around $1000 with the mean being 
about $650.' 

These classifications are identical to those used by 
World Ban*. A detailed list of the countries in each 
major group is given in Table 6.1. 

6.2.3 Population Trends 

An important factor in the analysis of energy con- 
sumption in the developing world is the present 
level and future growth rate of population. WOCA 
had a population of around 2.7 billion in 1975, 
and it is estimated that this figure will increase to 
4.5 billion by the year 2000. The industrialized 
nations of North America, Zurope, Japan, and 
Oceania constituted approximately 28 percent of 
the total population in i:>75 and will probably 

2. These distinction! are beted on date in the 1974 and 
1975 World Bank Atlas. They relate to the year 1972. 



constitute around 20 percent by the year 2000. 

Table 6.2 presents estimates of the absolute lev- 
els and growth rates of population for the devel- 
oped and developing nations for the yea's 1970, 
1975, 1985, and 2000. Most of these figures have 
been derived from United Nations population pro- 
jections. The energy problems facing the develop- 
ing economies are more severe because of their 2.4- 
2.7 percent average population growth between 
now and 20Q0, as compared to 0.7-0.9 percent for 
the industrialized world. 

6.2.4 WAES Scenario Assumptions 

WAES uses the scenario approach in its studies to 
1985 and 2000. The scenario variables include eco- 
nomic growth (high or low), real energy price (ris- 
ing, constant, or falling), government policy (vigor- 
ous or restrained), and, for 1985 to 2000, principal 
replacemer t fuel (coal or nuclear). For the devel- 
oping economies, only a constant real energy price 
to 1985 was examined. Furthermore, government 
policy response to 1985 is not included as a varia- 
ble due to the uncertainty in modeling an aggregate 
policy response for over ninety countries. The 
WAES scenario cases considered in the analysis of ' 
developing country prospects are more fully 
specified in Table 6.3. 

6.2.5 Methodology 

The first step is the determination of economic 
growth rates for the developing nations, primarily 
from the World Bank's SiMLINK Model. 3 High 
and low ecor >mic growth rate assumptions for the 
developed economies, as well as the WAES oil price 
assumption of $11.50 (per barrel of light Arabian 
crude, FOB Pereian Gulf, in constant 1975 U.S.$) 
are special inputs to the model, whose simulations 
then provide economic growth projections for the 
major developing regions of WOCA to 1985. Figure 

3. "The SIMLINK Model of Trade and Growth for the De- 
veloping World," World Bank Staff Working Paper No. 220, 
October 1975. Alao in European Econcmic Review, Vol. 7 
(1976), pp. 239-256. SIMLINK it primarily a medium-term 
forecasting tyttem in which exports of the non-OPEC deveJ- , 
oping countries are related to the level of economic activity 
in the OECO countries through a series of individual com- 
modity models. Growth in the developing countries is 
linked to investment levels and imports; imports in turn de- 
pend on export earninp and inflows of foreign capital. 
Given assumptions as to OECD growth, the availability of 
foreign capital to the developing countries, and the inter- 
national price of petroleum, the model may be run to deter- 
mine either the import-constrained GDP growth rates to be 
anticipated in developing countries or the real resource 
transfer they would need to support a specified GDP 
growth target. 
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TabU 6.1 

Clarification of developing countries 

OPEC Countries 

Algeria Iran 
Ecuador Iraq 
Gabon Kuwait 
Indonesia Libya 

Nigeria 

Noa-OPEC Developing Countries 

Lower-Income Countries (annual per capita income under $200 (1972 U.S. $)] 

South Asia Lower-Income Sub -'Sahara Africa 

Afghanistan 
Bangladesh 
Burma 
India 
Nepal 
Pakistan 
Sri Lanka 



Burundi 

Central African Republic 
Chad 
Dahomey 
Ethiopia 
Guinea 
Kenya 
Madagascar 
Malawi 
Mali 

Middle-Income Countries [annual per capita income over $200 (1972 U.S. $)] 
East Asia 



Fiji 

Hong Kong 
Korea (South) 
Malaysia 

Papua New Guinea 

Philippines 

Singapore 

Taiwan 

Thailand 



Qatar 

Saudi Arabia 
United Arab Emirates 
Venezuela 



Niger 

Rwanda 

Sierra Leone 

Somalia ' 

Sudan 

Tanzania 

Togo 

Uganda 

Upper Volta 

Zaire 



Middle-Income Sub-Sahara 
Africa and West Asia 


Caribbean, Central 
and South America 


Angola 


Argentina 


Bahrein 


Barbados 


Cameroon 


Bolivia 


Congo P.R. 


Brazil 


Cyprus 


Chile 


Egypt 


Colombia 


Ghana 


Costa Rica 


Israel 


Dominican Republic 


Ivory Coast 


El Salvador 


Jordan 


Guatemala 


Lebanon 


Guyana 


Liberia 


Haiti 


Mauritania 


Honduras 


Morocco 


Jamaica 


Mozambique 


Mexico 


Oman 


Nicaragua 


Rhodesia 


Panama 


Senegal 


Paraguay 


Syria 


Peru 


Tunisia 


Trinidad and Tobago 


Turkey 


Uruguay 


Yemen AR, DM 




Zambia 
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Table 6.2 

Estimated developed and developing country population levels and growth rates, 1970-2000 



Population (in million!, rounded) Population growth rate (%/yr) 



Total population in WAES analysis 
Developed economies 

Developing economies 

OPEC 

Non-OPEC developing countries 
Lower-income countries 
South Asia 
Lower-income Africa 
Middle-income countries 
East Asia 

Middle-income Africa and West Africa 
Caribbean, Central and South America 



1970 


1975 


1985 


2000 


1 970-7R 


1 07 fwfiK 
19 / D— OO 


1 QQK 
1900 




2661 


3310 


4475 


2,1 


2.2 


2.05 


702 


732 


792 


872 


0.9 


0.8 


0.7 


1 CO 1 

109 7 


1929 


2518 


3603 


2.6 


2.7 


2.4 


255 


292 


388 


566 


2.8 


9 Q 


9 C 


1442 


1637 


2130 




9 A 
Z.O 


n 1 
Z.i 


2.4 


889 


1005 


1301 


1835 


2.5 


2.65 


2.3 


740 


835 


1076 


1487 


2.4 


2.6 


2.2 


149 


170 


225 


348 


2.7 


2.9 


2.9 


553 


632 


829 


1202 


2.7 


2.75 


2.5 


138 


158 


207 


290 


2.3 


2.7 


2.3 


162 


184 


240 


353 


2.6 


2.7 


2.6 


253 


290 


382 


559 


2.8 


2.8 


2.6 



Table 6.3 

WAES scenario assumptions 





Economic 
growth 


Energy 
price" 


Principal 

Replacement 

fuel 


1976-1985 








C 


High 


$11.50 




D 


Low 


$11.50 




1985-2000 








C-l 


High 


$11.50-117.25 


Coal 


C*2 


High 


$11.50-$17.25 


Nuclear 


I>7 


Low 


$11.50 


Coal 


D-8 


Low 


$11.50 


Nuclear 



•Price per barrel light Arabian crude FOB Persian Gulf in 
1975 U.S dollars. 
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Figure 6.2 

Flow diagram for SIM LINK III. 



6.2 illustrates the SIMLINK flow from the exoge- 
nous input to the output. 

The historical (1960 to 1972) relationship be- 
tween regional economic growth and energy con- 
sumption is then examined by considering the 
income elasticity of demand for energy use. This is 
defined as the growth rate of energy consumption 
divided by the growth rate of real income. Since 
real energy prices rose substantially between 1972 
and 1976 and are assumed to either remain con- 
stant (WAES Cases C and D in 1985, Cases D-7 and 
D-8 in 2000) or increase by 5G percent by year 
2000 (WAES Cases C-l and C-2), the historical in- 
come elasticities were revised downward for the 
period 1976 to 2000 to reflect the more energy- 
efficient use of resources in the future. 

The primary energy demand growth rates are ob- 
tained from the real economic growth rates and 
the income elasticities of energy demand. The total 
primary energy consumption of developing coun- 
tries in 1985 and 2000 can then be determined. 

The energy supply estimates by fuel type for 
1975 to 1985 come from World Bank 4 and WAES 
sources. The 1985 to 2000 estimates come primar- 
ily from the WAES global supply studies described 
in chapters 3 througi 7 of the second WAES tech- 
nical report. 

Supply-demand integrations then balance avail- 
able energy supplies with expected energy de- 
mands. The resulting figures show the range of en- 
ergy exports and imports of both OPEC and non- 
OPEC developing countries. 

4. A, Lambertini, "Energy and Petroleum in Non-OPEC De- 
veloping Countries 1974-80," World Bank Staff Working 
Paper No. 229, February 1976. 
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6.3-DEMAND FOR ENERGY 

6.3.1 Economic Growth Rate Assumptions, 1960- 
2000 

The historical and projected economic growth rates 
for the developing economies for the period 1960 
to 2000 are presented in Table 6.4. The 1976 to 
1985 growth estimates have been derived primarily 
from simulation of the World Bank's SIMLINK 
Model using the WAES high (Case C) and low (Case 
D) economic growth assumptions for the OECD 
countries as well as the WAES constant oil price as- 
sumption of $11.50 per barrel (1975 U.S.$). Be- 
cause SIMLINK is primarily a medium-term fore- 
casting system, extrapolations were made to 
determine the 1985 to 2000 developing countries' 
economic growth rates. 

Several of the middle-income countries profited 
by the commodity boom of 1972-1973 and should 
be able to achieve comparatively rapid growth over 
the next decade. Latin American and East Asian 
countries are expected to show the highest econom- 
ic growth patterns among the non-OPEC develop- 
ing countries due to higher capital productivity, an 
increase in the rate of investment, and export pro- 
motion. The lower-income countries will probably 
grow much slower than the middle-income coun- 
tries, arjd they will continue to suffer from the 
effects of higher oil prices and agricultural short- 
falls. The projected growth rates assume, however, 
that improvements will be achieved in domestic 
policies with special emphasis on increasing 
exports. 

As a group, the non-OPEC developing countries 
are expected to maintain a growth rate higher than 



that of the OECD area. In the long run, middle- 
income countries are expected to grow 1-2 percent 
faster and low-income countries about 0.5 percent 
slower than the developed nations. 

OPEC countries are expected to achieve high eco- 
nomic growth rates from 1976 to 1985, possibly as 
high as 7.2 percent per year in the high growth case 
and 5.5 percent per year in the low growth case. 
Several OPEC countries— mainly those with larger 
populations such as Algeria, Ecuador, Indonesia, 
Iran, Iraq, Nigeria, and Venezuela—are expected to 
have current-account deficits in their balance of 
payments by 1985. From 1985 to 2000 OPEC 
growth will likely decrease since many OPEC coun- 
tries have undertaken large development projects 
that may cause foreign exchange shortages and cur- 
tailed imports after 1985. 

6.3.2 Historical Growth in Energy Consumption, 
1960-1972 

From 1960 to 1972 the nations of the developing 
world more than doubled their consumption of 
commercial energy and increased their demand for 
electric power by more than 250 percent In 1972 
the developing countries accounted for around 15 
percent of total world energy consumption in 
WOCA. 

Sixteen countries accounted for about three- 
quarters of all developing world energy demand. 5 
They are Argentina, Brazil, Chile, Colombia, 
Egypt, India, Indonesia, Iran, Korea, Mexico, Paki- 
stan, Philippines, Taiwan, Thailand, Turkey, and 
Venezuela. 

5. Modern Power Prospects in Developing Countries, 
P :hard Barber Associates (1976). 



Table 6.4 



Real GNP growth rate assumptions, 1972-2000 (average annual percent growth) 

^ 


Period 


1960-1972 


1972-1976 


1976-1985 




1985-2000 




Economic growth 






High 


Low 


High 


Low 


WAES case 






C 


D 


C-l.C-2 


D-7, D-8 


Non-OPEC developing countries 


5.6 


5,1 


6.1 


4.1 


4.6 


3.6 


Lower-income country 


3.7 


2.3 


4.4 


2.8 


3.1 


2.5 


Middle-income countries 


6.2 


5.9 


6.6 


4.5 


4.9 


3.9 


OPEC 


7.2 


12.5° 


7.2 


5.5 


6.5 


4.3 


Developed countries 9 (OECD) 


4.9 


2.0 


4.9 


3.1 


3.7 


2.5 



*As derived by WAES analyses of individual countries. 
''Preliminary estimate. 
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Introduction 



The Global 2000 Study developed three climate sce- 
narios for use as inputs to the various projection models.* 
These scenarios were patterned after scenarios developed 
in a recent climate study by the National Defense Uni- 
versity (NDU), in cooperation with the National Oceanic 
and Atmospheric Administration, the Central Intelli- 
gence Agency, and the U.S. Department of Agriculture. 



The underlying methodology employed in developing 
the NDU scenarios is described in the NDU report/ and 
is excerpted here, including the NDU questionnaire. 
Most of this material, with the exception of the ques- 
tionnaire, was included in Volume 2, 



Unfortunately, after the climate scenarios were developed, it was dis- 

covered that none of the projection models used by the Government WWJ 

were designed to accept climate as an input variable, and as a result I CHmat* Cham— *t~ v— mm „ * 

the Global 2000 climate scenarios could not be used " WsSSSL^I&S? £ Y ~t?£L2 

\ Washington: National Defense University, 1978, pp. i-li, »-77. 
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Editor's tote: This material is reprinted from Climate Change to the Year 2000: A 
Survey of Expert Opinion, Washington: National Defense University, 1978, pp. 1-16 
and Appendix A 9 pp. 59-77. 



METHODOLOGY 



RESEARCH APPROACH FOR TASK I 
General Features 

The purpose of Task I was to define and estimate the likelihood of changes 
in climate during the next 25 years, and to construct climate scenarios for 
th* year 2000. Information was collected from a carefully detected group of 
experts through the use of a structured questionnaire. Ten separate questions 
dealt with particular climatic variables and/or specific geographic regions of 
interest. Thfese topics of inquiry were as follows: 

e average global temperature 

• average latitudinal temperature 

• carbon dioxide and Jurbidity 

• precipitation change 

•* precipitation variability 

• mid-latitude drought 

• outlook for 1977 crop year 

• Asian monsoons 

• Sahel drought 

• length of the growing season 

Each question elicited information about three elements: probabilistic (or 
equivalent) forecasts on a particular climatic variable, reasons for quantita 
tive estimates, and self and peer expertise rating. The complete questionnaire 
is contained in Appendix A. 

A panel of climatological experts from the United States and abroad was 
•elected by the research team, with assistance from the project Advisory 
Group. The panelists were selected both for their competence in the field of 
climatology and fot the diversity of views which they represented. The list of 
panelists responding to the questionnaire appears in the acknowledgments. 

The questionnaires were sent to 28 panelists and 24 were returned. Of these, 
21 contained quantitative information. Appendix C lists for each climate 
question the number of panelists who submitted quantitative estimates and 
the average of their expertise. 
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Panelists' Concerns 

Most respondents, as well as some of the invited panelists who declined to 
participate, voiced somu degree of apprehension or concern about the 
questionnaire and the use (and possible abuse) of the information derived 
from their responses. These concerns centered on the following issues: 

• the lack of sufficient actuarial experience, comprehensive theories, or 
adequate models to support the quantitative estimates given in the 
questions, 

• the possible suppression of ,the full range of uncertainty accompanying 
responses, 

• the risk of being an unwitting party to "science by consensus." 

The following comments by pane ^ts reflect these* concerns: 

To the best of my knowledge, there exist, in genera!, no technique for 
makir? climate forecasts that have demonstrated skill in the sense thai he 
forecasts are better than a forecast of the long-term average statistics. 
Knowledge of even the iong-tejrm average statistics (means, variances, 
e -5, conditional probabilities, etc.Vwould be most useful for some 
r - but even this data is not readily available. 

I that the strongest message to come from your questionnaire will 
bf that we lack the basis for predicting even the grossest aspects of 
cKmate. 

1 We possess no skill for forecasting beyond a short period, other than that 

which probabilities based on a frequency distribution can provide. Only 
a deterioration of climate will fire the imagination of the experts. 
Prophets become known for their prophecies of doom. A prophecy of 
status quo or improvement would not be interesting. 

There is a good deal of guesswork involved, due to uncertainties about 
feedback mechanisms, the importance of aerosols, the general circulation 
in the atmosphere and oceans, and many other factors. 

I feel that one of the most important outcomes of your studv could be a 
clear statement of our present ignorance. That in itself should clearly 
indicate the need for contingency plans. 

In the preparation of this report, the project team has given considerable 
attention to the foregoing concerns in analyzing the data and aggregating the 
range of views— and the expressed qualifications-provided by the respond- 
ents* Realizing that confident predictions of climate are beyond the state of 
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the art, the project team has proceeded on the assumption that expert 
probabilistic judgments, properly qualified, constitute the best available 
guidance for those who must make policy in matter affected by climate. 
The climate data in the report bespeak uncertainty and a wide range of 
perceptions. In the description of the methodology and the presentation of 
the analysis and results, appropriate caveats have been introduced to avoid 
misunderstanding. 



ANALYSIS OF DATA 



Self and Peer Ratings 

An interesting and useful feature of the questionnaire was the concept of self 
and peer rating* Figure 1-1 is an excerpt of the instructions provided at the 
end of each question and designed to assess the respondents' expertise. 

Figure 11, 

SELF AND PEER RATING 

Using the self-ranking definitions provided in the instructions, please 
indicate your level of substantive expertise on this major question. 

5-4-3-2-1 

Again using the self-ranking guide, please identify those other respondents 
whom you would rate as "expert (5)" or "quite familiar (4)" in their 
answer to this particular question. 



The categories from 5 to 1 (expert, quite familiar, familiar, casually 
acquainted, and unfamiliar) were carefully defined in the questionnaire. 
Table 1-1 shows a sample of the degree of correlation between self and peer 
ratings for five respondents on Question I. The general agreement between 
self and peer ratings is fairly evident by a scan of the two right-hand columns 
in the table. A detailed analysis of the correlation between self ratings and 
the mean of peer ratings shows it to have a value of 0.52 at a significance 
level of 0.007. This is considered a fairly high correlation. 

t \ simple averaging of self and peer ratings for each respondent on each 
question, rounded to the nearest integer value, provided a weighting that was 
subsequently used in aggregating responses. The particular weighting scale 
that was used is shown in Table 12. Levels of expertise falling below 
"familiar" {"casually acquainted" and "unfamiliar") were not used in the 
processing. Of the three levels shown in Table 1-2, the "expert" category was 
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Table M 



CORRELATION BETWEEN SELF AND PEER RATINGS 

(Examples from Question I) 



Respondent 


Self 
Rating 


Frequency of Peer Ratings 
Quite 

Expert Familiar 


A 


Expert 


10 


3 


B 


Expert 


4 


3 


C 


Quite familiar 




3 


D 


Quite familiar 


1 


2 


E 


Familiar 







^weighted twice as heavily as the "quite familiar" category and the "quite 
familiar" was weighted twice as heavily as "familiar." In effect, this reflects 
the largely empirical and intuitive notion that an expert's opinion is worth 
about twic* as mucri as one who is "quite familiar/' which in turn is worth 
twice as much as an individual who is ranked as "familiar" with a topic. 



Table I-2 

CONVERSION OF EXPERTISE RANKING TO WEIGHTED SCALE 



Expertise Weight 



Expert 4 
Quite familiar 2 
Familiar j 



Processing of Responses 

The general schema for processing the information from the questionnaires 
was as follows: 

• tabulate each respondent's probability density function with respect to 
change about a particular variable at a given time, or derive the 
probability density function from graphical information provided by 
the respondent. 

• multiply each probability density function by the appropriate expertise 
weight (as described earlier). 

• add the weighted density functions of respondents. 

• divide the weighted and aggregated density functions by the sum of 
expertise weights to normalize the group response. 

• combine the panel's responses on each climatic variable into a set of 
scenarios spanning the range of uncertainty or range of conditions 
described by the respondents. 
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Question I, dealing with possible changes in global mean temperature* , was a 
pivotal question because perceptions of global mean temperature greatly 
influence perceptions with respect to the climate variables treated in 
subsequent questions. 

Question I is based on Figure 1-2, a plot of historical changes in annual mean 
temperature during the past century. Each respondent was asked to provide 
three estimates of the future course of possible changes in global 
temperature to the year 2000. The first estimate w&s to be a temperature 
path to the year 2000 such that there was only 1 chance In 10 that the 
actual path could be even lower. The second estimate was to be a path with 
an even chance that temperature could be either lower or higher; and the 
third was a path based on 1 chance in 10 that it could be even higher. 



Figure I-2 



GLOBAL TEMPERATURES 



Historical record of changes in annual mean temperature 
during the past century for the latitude band, O80°N. 




1860 1880 1900 1920 

The period 1880-1884 is the zero reference base. 



Year 



1940 I960 1980 2000 

-From Mitchell, NOAA 



# For the purpose of this study, "global temperature" is used as equivalent to annual 
mean temperature between 0° and 80° north latitude. 
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Figure 1-3 shows a sample response to Question I by a single respondent. 
Each of the three estimates could be drawn in any^ functional form desired. 
Percentiles of 10, 50, or 90 can be read off for any yedr between the 
"present" (the end of the plot in Figure I-2) and the year 2000. 



Figure 1-3 



SAMPLE RESPONSE TO QUESTIO N I 
Actual example of a single 
response to the instructions 




1860 1880 1900 1920 1940 

The period 1880-1884 is the zero reference base. Yeat 



1960 



1980 



2000 



The processing of responses will now be illustrated using the answers to this 
question by a single respondent. Figure 1-4 is a plot of the information 
shown in Figure 1-3 for the year 2000, converted to a cumulative probability 
function in which the ends of the function have been extended beyond the 
90th percentile and below the 10th percentile in a linear approximation. For 
example, the respondent has indicated a 10 percent chance that the 
temperature will change by 0.04°C or less, a 50 percent chance that it will 
change by 0.2°C or less, and a 90 percent chance that it will change by 
0.47° C or less.* • Similar values can, of course, be obtained for any other 
year from Figure I-3. 



"These temperature changes are in relation to the zero reference base period, 
1880-1884, as shown in Figure 1-2. 
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Figure 1-4 

CUMULATIVE PROBABILITY FUNCTION FOR QUESTION I 
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Temperature Change (°C) by ihe Year 2000 
The period 1880*1884 is the zero reference base. 



Figure 1-5 

EQUIVALENT DENSITY FUNCTION FOR QUESTION I 
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Temperature Change (°C) by the Year 2000 
The period 1880-1884 is tne zero reference bate. 
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The next step is to convert the cumulative probability function into an 
equivalent density function by taking the first derivative of the plot in 
Figure 1-4. Since the plot consists of two straightline segments, we have 
basically two degrees of freedom, or two levels in the density function, 
which is shown in Figure 1-5. The area under the curve intercepted by any 
particular temperature range is equal to the probability of occurrence of that 
particular temperature range, and the total area under the curve in Figure 1-5 
is unity. 

Figure l : 6 shows unweighted density functions from each of two respond- 
ents. The two functions are next weighted by the appropriate expertise 
weights, added and then divided by the sum of the weights to obtain the 
combined and normalized density function for the two respondents. Again 
the area under the curve of this combined and normalized density function, 
shown in Figure 1-7, is equal to unity. 

Fjgurs 1-6 

ADDING TWO DENSITY FUNCTIONS FOR QUESTION I 



2.50 



2.00 



£ 1.50 

> 

1 1.00 

o 

it 



0.50 



•1.0 



J. 



EXPERT 




0.5 



QUITE FAMILIAR 



_L 



0.0 0.5 1.0 

Temperature Change (°C) by the Year 2000 
The period 1880-1884 is the zero reference bate. 



1.5 



2.0 



The procedure outlined above is repeated for the responses of each of the 
other panelists. Figure 1-8 is a plot of the aggregated normalized responses of 
the full panel for the year 2000. An analogous procedure yields probability 
density functions of mean global temperature change for the years 1975, 
1980, and 1990. The information contained in the probability density 
functions is shown in Figure 1-9 as extensions to Mitchell's original curve. 
The extensions on the curve show the 10th, 60th and 90th percentiles for 
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each year from the "present" to the year 2000. Intermediate percentiles are 
also plotted. Thus, Figure 1-9 is a summary of the aggregated responses of 
the panelists with respect to global temperature. 



Figure 1-7 



NORMALIZED DENSITY FUNCTION FOR TWO RESPONDENTS TO QUESTION I 



2.50 




•0.5 0.0 0.5 1.0 

Temperature Change (°C) by the Year 2000 
The period 1880-1884 is the zero reference base. 



1.5 



2.0 



In aggregating the responses by the method of weighted averages, it has been 
assumed that the respondents are drawing from the same general information 
base and, therefore, that their information is highly dependent. In such cases 
of information dependence among respondents, it is customary to use the 
method of weightad averages to aggregate responses. All responses are used 
and weighted by the respondents' expertise as perceived by themselves and 
their peers. The shape and range of the aggregated curves are not acutely 
sensitive to the weighting system used. The method is "conservative" in the 
sense that the derived probability curves tend to be broed and to overstate 
uncertainty as a result of the additive treatment of the individual subjective 
probabilities. Had the responses been based on independent information, a 
multiplicative treatment of the individual probabilities would have been 
more appropriate, and the derived probability curves would have shown less, 
dispersion. 
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Figure 1-8 

PROBABILITY OF MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE 
BY THE YEAR 2000 AS DETERMINED BY THE PANEL OF CLIMATIC EXPERTS 



2.00 




•1.0 



•0-5 0.0 0.5 1.0 

Temperature Change |°C) by the Year 2000 
■Scale A it beted on the period 1880-1884 as the zero reference base (see Figure 12). 
Scale B is based™ the period 1965-1969 as the zero reference base (see the end point on Figure 1-2) 
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PROBABILITY OF MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE 
TO THE YEAR 2000 AS DETERMINED BY THE PANEL OF CLIMATIC EXPERTS 




1860 1880 1900 
The period 1880-1884 is the zero reference base 



1920 1940 1960 

Year 



1980 2000 



• 2 0 
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Use of Scenarios 

A convenient procedure for dealing with a range of uncertainty when it is 
not possible to construct quantitative models is through the use of scenarios, 
which may be considered plausible sequences cf events or trends. Scenarios 
describe interconnections— perhaps even causal processes-and highlight, 
where possible decision points. In a sense, a scenario is a possible "slice of 
future history." 



Constructing Scenarios 

In the present instance, since responses on global temperature are pivotal in 
setting the stage for ether climate variables, the plot in Figure (-8 can be used 
as a basis for dividing the perceived temperature range into a number of 
categories. These categories then become the bases for constructing 
scenarios. The number of categories (and scenarios) is, in a sense, arbitrary 
and can be three or five or even a larger number, if desirable. Tabie 1-3 shows 
the perceived temperature range divided into five categories. They range 
from large global cooling to large global warming. Associated with each 
temperature range is a probability of occurrence whei~, in fact, the 
temperature ranges were selected to make these probability ranges symmetri- 
cal/* 

Ta bic 13 

DEFINITION OF TEMPERATURE CATEGORIES 

Change in Mean Northern Hemisphere 
Tt perature Temperature from Present* by the 



Category 


Year 2000 


Probability 


• Large cooling 


0.3°C to 1.2°C colder 


0.10 


Moderate cooling 


0.05°C to 0.3°C colder 


0.25 


Same as last 30 years 


0.05°C colder to 0.25° C warmer 


0.30 


Moderate warming 


0.25°C to 0.6°C warmer 


0.25 


Large warming 


0.6°C to 1.8°C warmer 


0.10 



# "Present" temperature is defined as the end point on Mitchell's graph (Figure 1-2) - i.e., 
the average temperature for the five year period ending in 1969. 



In order to process information with respect to other climate variables, it is 
useful to group respondents with respect to these five temperature ranges, 
according to where the bulk of each respondent's probability density 
function lies. Table 1-4 is a matrix showing each of the five temperature 
categories arrayed as rows and the 19 respondents in 5 groups arrayed as 
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columns of the matrix. As will be noted in Table 1-4, the bulk of each 
group's probability density functions lies along the diagonal element of the 
5x5 matrix (one respondent at each end, three and four at the intermediate 
ranges, and ten in the middle range). 

The results of the information collected under Task I have been embodied in 
a set of five scenarios described in Chapter II, with more detailed discussion 
and comparisons in Chapter III.* 

The scenarios are labeled in accordance with the global temperature 
categories in Table 1-3. One purpose is to provide an integrated summary of 
perceptions of climatologists on climate change and variability to the year 
2000. An equally important purpose is to provide a point of departure for 
structuring questions in Task II and to trace the impact of such possible 
climatic changes on food production and on the choice of policy options. 



Table I -4 



PERCENTAGE OF GROUPED PROBABILITY DENSITIES LYING IN 


EACH TEMPERATURE CATEGORY 




Temperature 


Number of Respondents 


Categories 


1 3 10 4 1 


Large cooling 


g9 12 2 


Moderate cooling 


1 68 24 10 - 


Same as last 30 years 


■ 20 52 31 


Moderate warming 


- 22 44 20 


Large warming 


15 80 



Tne procedure for creating scenarios corresponding to the five global 
temperature categories is as follows: 

• Each respondent is first assigned to a global temperature category, as 
described in Table 1-4. 

• Responses within each temperature category are combined for all other 
climatic variables (except for precipitation and precipitation variability, 
where all responses were available**). 

• Responses are integrated into a narrative, supported by summary tables. 

# Tbe responses to Question VH, "Outlook for ig77 Crop Year /'are not included in the 
scenarios. That portion of the information for which expertise levels were considered 
adequate has been processed and it shown in Appendix B. Included is an analysis of 
subjective probabilities concerning the persistence of droughts in the U.S. 

**For questions on precipitation and precipitation variability only, information was 
elicited from each respondent based on conditional' assumptions with respect to global 
temperature. 
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The processing steps for Questions II through X are identical to those for 

Question I except that, of course, in these other instances, density functions 

or equivalents are provided directly by the respondents and need not be 

derived through the use of cumulative probability. 
Figure MO _ 

QUESTION VI - MID-LATITUDE DROUGHT Frequency of Drought 



Time 
period 


"Frequent"-i.e. A 
similar to early to 
mid-1 930'$ and early 
to mid-1 950'$ 


"Average"-i.e., 
similar to the 
t frequency over 
the longest period 
of record available 


"Infiequeut" 
i.e., similar to 
1940'$ and 1960's 


Total 

Probability 




US 


Other mid- 
latitudes 


US 


Other mid- 
latitudes 


US 


Other mid- 
latitudes 


US 


Other mid- 
latitudes 


1977 
to 

1980 














1.0 


1.0 


1981 

to 

1990 














1.0 


1.0 


1991 

to 

2000 














1.0 


1.0 



The sequence of steps is illustrated by using Question VI, which concerns 
mid-latitude drought. Figure 1-10 is an excerpt from Question VI. Table I-5 
illustrates how responses for one of the time periods (i.e., 1991 to the year 
2000) were weighted and aggregated in the Moderate Warming scenario. The 
process outlined for Question VI is repeated for each of the other questions. 
Table 1-5 

FREQUENCY OF DROUGHT IN U.S. IN 1991-2000 

Respondents Assigned 



to Moderate Warming 


Expertise 


Frequent 


, Average 


Infrequent 


A 


3 


0.25 


0.50 


0.2S 


B 


3 


0.60 


0.20 


0.20 


C 


5 


0.60 


0.20 


0.20 


Weighted average 




0.54 


0.25 


0.21 
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Review of Scenarios 

In June 1977, the project Advisory Group recommended that an ad hoc 
panel review early drafts of the five scenarios for internal and mutual 
consistency. Accordingly, project staff met in July with six climatologists at 
the National Center for Atmospheric Research at Boulder, Colorado. The 
reviewers paid particular attention to the large and moderate warming arid 
cooling scenarios, i.e., thoee constructed from the smaller data bases. The 
details and the conditional probabilities of these end scenarios, therefore, 
reflect the judgments of more people than the limited number of panelists 
who responded to the questionnaires along the lines of these scenarios. The 
review process, which essentially strengthened the data bases of the end 
scenarios, resulted in significant changes to only one of them, the large 
global cooling scenario. 



Nature of Scenarios 

Each scenario seeks to describe average climatic conditions as they might 
exist in a period of years around A.D. 2000. The conditions do not refer 
specifically to the year A.D. 2000; the climate of that year is likely to differ 
from the scenario projection to an extent consistent with normal year-to- 
year climate variability. Some fndication of the course of climate changes 
between the present time and the end of the century is also given in the 
narrative, and in the tables appended to each scenario. 

Each scenario is assigned a "probability of scenario." This "probability" is a 
derived value based on the panelists' probabilistic temperature forecasts and 
a weighting scheme to take into account each respondent's expertise as rated 
by himself and his peets. Therefore, it reflects the range of judgments 
expressed by the climate pane! and the strengths of their beliefs, as well as 
their level of expertise/ 

This probability should not be construed es the likelihood that the total 
scenario will actually materialize in the future. The correct interpretation of 
the "probability of scenario" involves tfte following considerations: 



# A "proh*bt!ity" of 0.25, for example, dots not mean that thtrt was univsrta! agree meat 
that tht scenario in question would occur with probability 0.25. Nor dues it mean that 
26% of the panelists "voted" for that particular temperature change to the exclusion of 
other changes. Roughly speaking, the "probability" 0.25 is an amalgam of the proportion 
of panelists who gave some credence to that particular temperature change, the strength 
of their individual "beliefs" in the change (their individual probabilities of occurrence) 
and their individual expertise. 
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(1) The "probability" is essentially a measure of the confidence, expressed 
col [actively by the climate panel, that the global temperature change 
between circa 1970 and circa A.D. 2000 will lie in the range indicated by the 
scenario. This measure of confidence bears an unknown relationship to the 
probability tha* the scenario will actually occur. 

(2) It was assumed that the global temperature change indicated by the 
scenarios has a negligible probability of being greater than +1 ,8°C (the upper 
limit of Large Warming) or less than -1.2°C (the lower limit of Large 
Cooling). In this respect, the five scenarios, taken together, are considered to 
bracket all realistic outcomes-i.e., the probabilities of the five scenarios sum 
to unity. 

(3) Details are given in each scenario which elaborate on the scenario in 
respects other than stipulated global temperature change. These are 
considered by the climate panel to be reasonable inferences about future 
climatic developments that are consistent with the global temperature 
change. These details by no means exclude other possible developments. 
Hence, they are not necessarily to be construed, individually or in 
combination, as having a probability as high as that indicated for the 
scenario as a whole. Conditional probability information, given in the tables 
included with each scenario, can be combined with the overall probability of 
the scenario to assess the absolute level of confidence to be placed in future 
events specified in the scenarios. For example, one can find the overall 
"probability" of a specified event (e.g., "frequent" drought in the U.S. for 
the period 1991*2000) bv first calculating for each scenario the product of 
the "probability" of the scenario and the conditional probability of the 
event for that scenario, and then summing the products for all five scenarios. 
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CLIMATE QUESTIONNAIRE 



APPENDIX A 



INSTRUCTIONS FOR QUESTIONS 

A. Attached is a set of 10 major questions, seme of which have several parts. The t'mespan for 
the questions varies from the relatively near term (the outlook for the 1977 crop season) to the 
climate by the end of this century. All individual answers will be held in strict confidence. The 
aggregation and quantitative analysis of the responses will be made available to all participants and 
will be included in the final report. 

We would appreciate your answering all of the questions in their present form. Your subjective 
responses may be used to generate another set of question: 2nd to build a set of future climate 
scenarios. If, in reviewing and answering these questions, you feel strongly that a particular question 
* should be rephrased or additional questions included, you are invited to add your comments or 
additional questions on extra pages . 

B. In questions referring to latitudinal belts, the following definitions apply: 



C. For each of the 10 major questions, using the self-rating definitions provided below, please 
indicate your level of substantive expertise. 

D. Please identify those other respondents whom you would rank as EXPERT (5) or QUITE 
FAMILIAR (4) in responding to each of the questions. 

E. Guidance for self ranking expertise: r 

(5) EXPERT-You should consider yourself an expert if you belong to that small community 
of people who currently study, work on, and dedicate themselves to the subject matter. Typically, 
you know who else works in this area; you know the US and probably the foreign literature; you 
attend conferences and seminars on the subject, sometimes reading a paper and iometimes chairing 
the sessions; you are most likely to have written up and/or published the results of your work. If 
the National Science Foundation, National Academy of Sciences, or a similar organization went to 
convene a seminar on this subject, you would expect to be invited, or, in your opinion, you should 
be invited. Other experts in this field may disagree with your views but invariably respect your 
judgment; comments such as "this is an excellent person on this subject" would be typical when 
inquiring about you. 




-Higher middle 
—Lower middle 



POLAR latitudes 
MIDDLE latitudes 



65 'to 90* 
30' to 65' 
45' to 65 ' 
30' to 45' 
10' to 30' 
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INSTRUCTIONS FOR QUESTIONS (Continued) 

(4) QUITE FAMIUAR-You are quite familiar with the subject matter either if you were an 
expert tome time ago-but feel somewhat rusty now because other assignments have intervened (even 
though because of the prev.ous interest, you have kept reasonably abreast of current development! 

l^ZfZSZ* ar l' n the "x 006 * ° f b6COmin9 30 expert but h8ve *>™ to go to 
STILTS itSJT I ™'1 T ' f V ? r C ° nCem With inte 9 ratin 9 detailed developments in the 
area, thus trading breadth of understanding for depth of specialization. 

^uJfL F f M,U f R ~ y0U are fam ' Uar with the subiect matter if vou know most of the arguments 
ao^anced for and against some of the controversial issues surrounding this subject, have read a 

U?n?^ i am ° U ^ t ,? b0Ut * 3nd h3Ve formed wme o P ini o n about it. However, if someone tried to 

V0U eXP ' am the WbieCt in more de P tn - V° u would soon have to admit that 
your knowledge is inadequate to do so. • 

W GUtMU Y ACQUAINTED— You are acQ^ted with the subject matter if you 

atleast knovy what the issue is about, have read something on the subject, and/or have heard a 
debate about it on either a major TV or radio network or an educational channel. 

ft) UNFAMILIAfi-You are unfamiliar with the subject matter if the mention of it 

^wSnf * b ,' a ? in Vour memorv or if V° u have hMrd of the subject, yet are unable to 

say anything meaningful about it. 
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I. GLOBAL TEMPERATURES 

Shown below is a historical record of changes in the annual mean temperature during the past 
century for the latitude band, 0-80° N. 



CHANGE (°C) IN ANNUAL MEAN TEMPERATURE, 0-80 0 N. LATITUDE 



UJ 

o 
z 
< 
I 

a 




1860 



1880 



1900 



1920 1940 
YEAR 



1960 1980 2000 

Soiree: Mitchell, NOAA 



On the graph shown above, indicate your estimate of the general future course of the change in 
mean annual temperature (for 0-80° N.LaOto the year 2000 by: 

- drawing a temperature change path to the year 2000 so that you estimate only 1 chance 
in 10 that the path could be even lower 

- drawing a change path to the year 2000 so that you estimate an even chance that the path 
could be either lowar or higher 

- drawing a change path to the year 2000 so that you estimate 1 chance in 10 that the path 
could be higher 



ERLC 



2 i o 



194 

— . . THE CLIMATE SECTOR 



I. GLOBAL TEMPERATURES 



In the space below, state your line of reasoning for the family of lines you have drawn 
referencing if you wish, articles you or other scientists have written that clearly state your position 
on this subject. 



Using the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

Again using the self-ranking guide, please identify those other re aondents whom you 
would rate as "expert (5)" or "quite fam.liar (4)" in their answer to this particular 
question. 

EXPERT (5) QUITE FAMILIAR (4) 

♦ 
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II. 



TEMPERATURE 



Please fill in each block of the matrix below with your estimate of the probability of the 
change (°C) in the annual temperature by the year 2000, as compared with 1970-75, for the * 
regions shown. 



4 



PROBABILITY OF TEMPERATURE CHANGE (°C) 



• 


Cooling 


"No Change" 


Warming 


Total 

Probability 




More tban 

1.0° 

Cooler* 


0.5° to 
1.0°* 
Cooler 


0°to 0.5° 
Cooler 


0°to 0.5° 
Warmer 


0.5° to 

1.0° 

Warmer 


More than 
1.0° 

Warmer* 




No. Hem. polar latitudes 














1.0 


No. Hem. higher mid latitudes 














1.0 


No. Hem. lower mid latitudes 














1.0 


No. Hem. subtropical latitudes 














1.0 


So. Hem. subtropical latitudes 














1.0 


So. Hem. lower mid latitudes 














1.0 


So. Hem. higher mid latitudes 














.1.0 


So. Hem. polar latitudes 














1.0 



*lf you judge that there is a significant probability that the temperature change in some latitudinal belt may 
exceed 1.0° (either cooler or warmer), please indicate the level of change expected along with the probability 
estimate. 
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II. TEMPERATURE 

• For the preceding major question, please state the line of reasoning for your response, 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
provided below or a separate sheet. 



• Using the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

5-4-3-2-1 

• Again using the self-ranking guide, please identify those other respondents whom you 
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular 
question. 



EXPERT (5) QUITE FAMILIAR (4) 
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III. CARBON DIOXIDE, TURBIDITY, AND CLIMATE 

Carbon dioxide, atmospheric particles^ etc., have different effects on the atmosphere and do 
not have the same relative importance in their influence. Indicate the relative weight (using 
percentages) of each of the factors identified below in influencing global climate over the next 25 
years. 

Relative Weight 
(Percentage) 

A. Carbon Dioxide 

B. Fluorocarbons and other gases 

C. Smoke 

D. Volcanic dust 

E. Other Particlesjaerosols) 



Sum: 100% 
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CARBON DIOXIDE, TURBIDITY. AND CLIMATE 



£ For the preceding mejor question^lease state the lire of reasoning for your response 
Wing any amplifying remarks & you desire, or referencing articles you or other 
ientists have written that state your position on this subject. Please use the space 
provided below or a separate sheet 



Using the self-ranking definitions provided in the instructions, p'ease indicate your level 
of substantive expertise on vhis major question. 

. 6-4-3-2-1 

Again using the self-ranking guide, please identify those other respondents whom you 
would rate as "expert (6)" or "quite familiar (4)" in their answer to this particular 
question. > 



EXPERT (5) QUITE FAMILIAR (4) 
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IV. PRECIPITATION 

1. Under the alternative assumptions cf a temperature change as shown, please fill in each 
block of the following matrix with your estimate of the probability of change in the mean annual 
precipitation by the year 2000, as compared with the 1941-70 "normal" pattern, for the regions 
shown. 

2. In your judgment, would these probability estimates be equally as valid for growing season 
precipitation as for annual totals? (yes □; no □) If not, please indicate the appropriate probability 
estimates for changes in growing season precipitation. 

3. In many parts of the earth the annual isotherms and annual isohyets tend to run parallel to 
each other. In North America, however, as Newmap and Pickett describe in a 6 December 1974 
Science article, the effect of the Rocky Mountains range causes the annual isotherms and isohyets 
to run at approximately 90° to each other, particularly in the midcontinental grasslands region. (See 
their map, below.) South America is similar to North America in this respect due to the Andes. 
Newman and Pickett note that: 




In terms of agricultural production, 
theye climatic features give an advantage to 
theNewWorld continents. The mean annual 
isotherms and isohyets, because they are not 
parallel in the vast grassland climatic areas of 
tHe Americas, allow a favorable water balance 
to be extended over very broad areas in the 
north-south direction. Also, they allow for 
agricultural production areas to be less 
stratified in a north-south direction than they 
are in the Eurasian continent, and ensure 
against a slight mean seasonal shift in the 
prevailing westerly flow; thus, tney reduce 
climatic risk. 



Would these characteristics of the Western Hemisphere region significantly alter your estimates of 
probability of precipitation change as given in parts 1 and 2 above? If your estimates for North and 
South America are significantly different from those of the broad latitudinal bands, please indicate 
the magnitude of these differences in the comments at the end of this c, jest ion. 
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PROBABILITY OF PRECIPITATION CHANGE 





l.rcrease by 
10% 01 more* 


"No Change" 
(Less than ± 10%) 


Decrease by 
1 0% or more * 


Total 

Probability 




1 Growing 
Annual | Season 


1 Growing 
Annual J Season 


1 Growing 
Annual 1 Season 


Annual j 


Growing 
Season 



Assuming temp, 
increase of 
0.5 C or more 



higher mid- 
latitudes 



lower mid- 
latitudes 

subtropical 
latitudes 

Assuming temp, 
change of 
less than 

±0.5°C 



1.0 



1.0 



1.0 



1.0 



1.0 



1.0 



higher mid- 
latitudes 



lower mid- 
latitudes 




1.0 



1.0 



1.C 



1.0 



subtropical 
latitudes 

Assuming temp, 
decrease of 
0.5°C pr 
more 



1.0 



1.0 



higher mid- 
latitudes 




1.0 



1.0 



lower mid- 
latitudes 



1.0 



1.0 



subtropical 
latitudes 



1 * 



1.0 



# lf you judge that there is a significant probability that the precipitation change in some latitudinal belt may exceed 
10% (increase or decrease), please indicate the level of precipitation chc je expected along with the probability 
estimate; also, if the temperature change asstmed exceeds 1 0°C, please so indicate. 
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IV. PRECIPITATION 

• For the preceding major question, please state the line of reasoning for your response, 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
provided below or a separate sheet. 



• Using the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

5-4-3-2-1 

• Again using the self-ranking guide, please identify those other respondents whom you 
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular 



question. 



EXPERT (5) 



QUITE FAMILIAR (4) 
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V. PRECIPITATION VARIABILITY 

The report of a climate/food conference in Bellagio, Italy, in June 1975 includes this 
statement: 



. Temperature change per se is not the most serious potential 
climatic threat to food production. There is a possiblity that, 
associated with - the temperature changes, there will be increased 
climatic variability. Particularly as such variability increases the 
fluctuations of precipitation, it poses threats to agricultural 
production. 

The climatologjsts participating in the conference agreed that: 

1. Climatic variability-region by region and from year to year 
in particular regions-is and will continue to be great, resulting in 
substantial variability in crop yields in the face of increasing global 
food needs and short supplies; 

2. There is some cause to believe— although it is far from 
certain-that climatic variability in the remaining years of this 
century will be $ven greater than during the 1940-1970 period. 



1 . Under the alternative assumptions of temperature change ns shown, please fill in each block 
of the matrix below with your probability estimate that the standard deviation of the mean annual 
precipitation will change by the indicated amount over the next 25 years, as compared with the 
average for the previous 25-year period. 

2. In your judgment, would these probability estimates be equally as valid for variability in 
growing season precipitation as for annual totals? (yes □; nod) If not, please indicate the 
appropriate probability estimates for changes in variability of growing season precipitation. 

3. As noted in part 3 of Question IV above, mountain ranges in North and South America 
cause the annual isotherms and isohyets to run at approximately 90° to each other in major regions 
of thes* continents. If, because of these characteristics, your estimates of the probability of change 
in precipitation variability in North and South America are significantly different from those of the 
broad latitudinal bands, please indicate the magnitude of these differences in the comments at the 
end of this question. 
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PROBABILITY OF CHANGE IN PRECIPITATION VARIABILITY 




*lf you judge that there is a significant probability that the change in standard deviation may exceed 25% 
(increase or decrease), please indicate the level of the change expected along with the probability estimate; 
also, if the temperature change assumed exceeds 1 ,0°C, please so indicate. 
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V. PRECIPITATION VARIABILITY 

• For the preceding major question, please state the line of reasoning for your response 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
. provided below or a separate sheet 



• Using the sHf-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

5-4-3-2-1 

• Again using the self-ranking guide, please identify those other respondents whom you 
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular 
question. 

EXPERT (5) QUITE FAMILIAR (4) 
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VI. MID- LATITUDE DROUGHT 

At a 1975 climatic changa symposium at tha Univarsity of North Carolina, Hurd Willatt briaf ly 
dascribad tha drought pattern of tha 1930-1970 pariod as follows: 



Th0 warm decede of the thirties witnessed the most severe 
droughts of the century, in the eerly to mid-thirities, in meny regioni 
of the 36° -50° letitude belt, notedly the dust howl in our western 
pie ins f the Russian droughts thet triggered liquidation of the Kulaks, 
severe drought in southern Austrelie, end in other parts of the world. 
Note thet these dtpught* occurred in merginel midcontinentel es 
opposed to eest coestel regions. 

The forties were in general e decede of generous reins in the 
drought regions of the thirties, but with e tendency to substentiel 
deficiency in eest coestel regions. 

The eerly to mid-fifties, like the thirties, were e merkedly dry 
period in the merginel interior continents! regions, notebly the 
Americen southwestern plains. Severe drought wes restricted to 
letitudes equetorwerd of 40°. Agein, there wes e noteble tendency to 
eest coestel wetness. 

The sixties were, like the forties, e decede of generous rainfall in 
the merginel interior continental regions of middle letitudes, but 
with some record dry years in extensive eest coestel regions. During 
the sixties end eerly seventies, the development of seme drought 
occurred in the middle end lower subtropics, notebly in southern 
Asia end Africa (Sahelien area). 



Willatt relates the drought occurrences to a solar-climatic hypothesis of climatic fluctuation, 
based on en observed relationship between solar and climatic cycles, but recognizing that 
quantitative physical explanations are as yet nonexistent. 

1. With this statement as background, plus your own knowledge end interpretation of past 
events, please fitl in each block of the matrix below with your estimate of the probability of 
frequency of drought occurrence, for global mid-latitude continental areas* . 

2. Would your estimates for the United States be significantly different from other 
mid-latitude continental areas? (yes □; no □) If so, please indicate probabilities separately for US 
and other mid-latitudes. 
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VI. MID- LATITUDE DROUGHT 



FREQUENCY OF DROUGHT* 



'Time 
period 


"Freque 
similar t 
mid-19* 
to mid-1 


nt"...e., 
o early to 
10's ana early 
950'$ 


"Average"-**., 
simitar to the 
frequency over 
the longest oeriod 
of record available 


"Infrequent"- 
i.e., similar to 
1940's and 1960s 


Total 

erobability 


US 


Other mid- 
latitudes 


US 


Other mid- 
latitudes 


US 


Other mid- 
latituci** 


US 


Other mid- 
latitudes 


1977 
to 

1980 




• 










1.0 


1.0 


1981 
to 

1990 














1.0 


1.0 


1991 
to 

2000 














1.0 


1.0 



There ere elmost en infinite number of definitions of drought, none of which ere completely Mtisfectory. Drought 
•s oef.ned here ss in the December 1973 report to the Adminittretor of NOAA. Th$ Infiutnci of Wmthtr and 
Climata on Unit* Stafs Grin YMdt; Bump* Crops or Drought,: "A combinetion of temperature and 
precipitation over e period of severe! months leading to e reduction in yield of the mejor crops to e level leu than 
90% of the yield expected with tempereture/precipitation near the long-term average velues." It should be 
recognized, however, that yields i~<etly ere quoted on e hervested acre basis. In drought yeers there tends to be e 
much lerger ebendonment of crops as well ea some deviation in expected yield. 
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VI. MID-LATITUDE DROUGHT 

• For the preceding major question, pleese state thi line of reasoning for your response, 
adding any amplifying remarks as you desire, or referencing articles you or other 
scientists have written that state your position on this subject. Please use the space 
provided below or e separate sheet. 



• Using the self-ranking definitions provided in the instructions, please indicate your level 
of substantive expertise on this major question. 

6-4-3-2-1 

• Agein using the self-ranking guide, pleese identify those other respondents whom you 
would rate as "expert (5/' or "quite familiar (4)" in their answer to this particular 
question. 

EXPERT (5) QUITE FAMILIAR (4) 
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5 The Food Sector 



Introduction 



The modd used by the U.S. Department of Agricul- 
ture (USD A) for iu loni-ranfe, world food projection! 
it the Grain-OUteed-Uvettock (GOL) mod*. The COL 
model wit developed fey Anthony S. Rojko and hit col- 
leefuet at USDA. 

The OOL model wae Am described in a journal article 
by Rojko and Schwartz in 1976 1 and later in a USDA re- 
port. 1 Both detcriptiont are reprinted here. 

The USD A abo uted three tubmodeb to obtain flgurct 
for arable area, total food production and consump- 
tion, and total fertilizer me. No documentation for these 
moddt it available. What could be learned of thete 



moddt wat explained in a short taction in Volume 2/ 
which it reprinted here for completeness. 



1. A. S. Rojko and M. W. Schwtru. "Modatin* the World Orau- 
OUstsd-Uvfttoefc Economy *o Amm World Food Froapsctt," Aft- 
cuiturwi Economics RmmrtK July W*. pp. tMt. 

2. A. S. Rojko at al., Attertmth* futwmfor World Pood m im, 
vol. 1, World OOL ModrJ Amtytkot Report, Fonts* Aertakartf 
Economic import No. 146. Waahfayton: U.S. OovtnMMBt Priming Of- 
flea, Apr. I97t. pp. 1*19, t4-107, 113-37. 

3. The Qloboi 2000 Report to the Pnskknt. vol. 2, pp. 54*-30. 
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Editor's note: This section U a reprint of A. S. Rojko tndM.W. Schwartz, "Model- 
ing the World Grain-Gilieed-Livestock Economy to Assess World Food Prospects/' 
Agricultural Economies Research, vol. 28, July 1976, pp. 89-98. 



MODELING THE WORLD GRAIN-OILSEEDS-LIVESTOCK ECONOMY 
TO ASSESS WORLD FOOD PROSPECTS 

By Anthony S. Rojko and Martin W. Schwartz* 



Mathematical programming methods are used ai t framework to 
evaluate world food prospects. Emphasis is on analyzing the 
world grein-oUeeeds-Hveitock economy to capture the interac- 
tion of the predominantly cereal economy • of the developing 
world and the livestock economies of the developed world ai 
they compete for the world's agricultural resources. The mathe- 
matical model, called the Crain<hlsecds-Livestock (GOL) model, 
incorporates general population and income growth rates, 
demand and supply price elasticities, input variables, and assump- 
tions about basic underlying economic trends and policy con- 
straints. 

Keywords: Projections, grain-oilseed-livestock model, trade 
models. 



A model of the world grain-oilseed-livestock economy 
(GOL) has been developed within the Economic Research 
Service (ERS) to generate projections of world food pro- 
duction, consumption, and trade to 1985 and 2000. 1 
World equilibrium models exist for individual commodi- 
ties or limited commodity aggregates, and individual 
country models integrate the grain, oilseed, and livestock 
sectors. The GOL model, however, is one of the first 
equilibrium models to consider the broader feed-livestock 
relationships at the regional and world level. It relates 
the grain oriented food economies of developing regions 
with the livestock-oriented food economies of developed 
regions in a more complete and logically consistent man- 
ner than has been done in the past. 3 



•Anthony S. Rojko is Program Leader, Commodities Pro- 
gram Area, Foreign Demand and Competition Division (FDCD), 
ERS. Martin W. Schwartz is Mathematician, Commodities Pro- 
gram Area, FDCD, ERS. 

1 This article reports on one phase of an ongoing research 
effort aimed xl generating and maintaining up-to-date price, 
production, consumption, and trade projections for the major 
regions of the world. This effort requires substantial ongoing 
teamwork from members of the Commodities Program Area 
working with others in FDCD ar*l other ERS divisions in the 
area of econometric model development and count ry-speciflc 
analyses. Significant inputs have been made by Donald Regier 
(livestock), Patrick O'Brien (grains), Arthur Cofllng (oilseeas), 
Robert Barry (rice), Mvks Mielke (dairy), and Linda Bailey. 
Several people have heiped to develop the computer programs, 
beginning with Frances Urban in the early stages, Hilarius 
Fuchs during the main development stage, followed by Fenton 
Sands and Martin Schwartz. The work summarized here has been 
reported in detail in several other ERS publications 20*22). 
It was discussed in context with other ERS forecasting and nro- 
jeetiens models in (6). 

Note: italicized numbers in parentheses refer to items in Refer- 
1 at the end of this article. 



GOL is an operational model used as an integral part 
of ongoing ERS projections work (6). The export pro- 
jections tie in with detailed U.S. models. It is also used 
as an analytic tool providing a quantitative dimension to 
otherwise qualitative international policy analysis. 

Using population and income growth rates, supply 
* and demand elasticities, physical input-output rates, and 
policy assumptions as inputs, the model projects area, 
production, food and feed use, trade levels, and prices 
for each commodity. Eleven basic commodities are in- 
cluded: wheat, rice, coarse grains, oilmeal, soybeans, 
beef and veal, pork, poultry, milk, butter, and cheese. 
The world was divided into 27 regions: eight developed, 
three centrally planned, and 16 developing. All regions 
have some crop equations, but not all regions have live- 
stock equations. The centrally planned regions have col- 
lapsed international trade equations only. 

The equations in the model were developed to reflect 
(1) the economic behavioral patterns of the grain-oilseeds- 
livestock economy, (2) the important technical input- 
output relationships, and (3) the institutional setting and 
policy constraints. An attempt was made to model changes 
in consumption preferences (such as increasing desire for 
livestock products and increasing use of grain in livestock 
products and increasing use of grain in livestock produc- 
tion; changes in resource mixes, and changes in both 
crop and livestock productivity. The individual regional 
commodity coefficients were synthesized from existing 
studies and analyses, notably (3. J, 1113, 14 t 16 t 18 t 1% 
23 and 24). 



MODEL STRUCTURE 3 

Within GOL, most commodities ! supply, demand, 
aiic trade sectors modeled. The flgui allowing shows 
the relationships among the endogenous variables for a 
typical region, The crop supply sector appears at the far 
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7 A primary purpose in development of the model w«» to 
provide a quantitative basis for assessing the world food pros- 
pects of the developing world in the context of the total world 
grain and livestock complex. Several reports {4, 9, 28) have been 
concerned with this issue, as well as two ERS reports (7) and (8) 
that used results from this model 

*This model builds upon the world grain model developed 
by Rojko, Urban, and Naive (20). The approach has also been 
influenced by model development by Bawden (2) t Judge and 
Takayama (75. 26. 27) % and others (10). 
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SUPPLY AND DEMANO SECTORS FOR A TYPICAL REGION IN GOL MODEL 




left of the chart. Hie key endogenous variable li total 
ana, defined as a function of the prices for the region 'i 
moat Important crops. Individual crops compete for total 
area based on historic shares and projected relative prices 
of the crops. Production Is determined from the area and 
from crop prices; prices are included to allow response 
to higher Input use when prices are higher. Typical grain 
supply equations 4 for a region are: 

Yotai area - F (wheat and other crop prices) 
Wheat area - (total area, price of wheat, corn, 
and meal) 

Wheat production - F (wheat area, wheat 
price, exogenous input bundle) 

Grains demanded for human food are functions of 
grain prices, Income, and population. The price elastic- 
lties allow variance In both total food demand for grain 
and the relative shares of Individual grains. Demand for 
meats and dairy products, shown on the far right of the 
chart, are modeled similarly. Typical equations are: 

Wheat demand for food - F (price of wheat, 
corn, price, rice; Income; population) 

Beef demand - F (price of beef, pork, and 
poultry; price, Income; population) 

4 Note: Crop areas sum to total area in these equations. 



Hie feed demand-livestock production sector, second 
from the right in the figure, is more complex. Meat pro- 
duction Is a function of meat prices, feed price*, and 
productivity. The incorporation of individual meat prices 
allows competition between the meats. Grain and oilseed 
feed prices influence the cost of producing meats. Typi- 
cal equations are: 

Beef production * F (price of beef, pork, corn, and 
meal; productivity) 

Feed demand is a function of appropriate grain prices, 
meat prices, and H restock production. Crop prices allow 
competition between feeds. Hie coefficients for live* 
stock products are nominal feeding rates; that Is, the 
tons of grain used to produce a ton of livestock-prod* 
ucts. livestock product prices are used to adjust feed 
demand, essentially modifying the feeding rate, which 
forms a second set of relations between crop prices and 
livestock prices. Typical equar oni are: 

Oilmea) demand for feed - F (production 
of beef, pork, poultry, eggs, and milk, 
price of pork, com, and meal) 

Supply and demand prices for crops and meats, shown 
as arrows in the figure, tre usually related through con- 
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stent margins. IWce margins fluctuate, however, in the 
few selected regions where historical date indicates that 
margins widen, narrow, or do both, as price levels change. 

Total milk production, similar to that of crops and 
meat, is a function of milk price, feed prices, and pro- 
ductivity growth. However, dairy products and prices 
are treated somewhat differently because of the physi- 
cal production process. Total milk production is proc- 
essed into cheese or butter or sold as fluid milk products. 
Hie supply function for fluid milk is, in fact, also the 
demand function because fluid demand is filled first. 
ITius, the function is defined as a function of milk price, 
income, and population. Production of cheese and butter 
depends on the relative demand for these products; thus, 
relative product prices and other demand factors deter- 
mine their output. Cheese production is a function of 
cheese and butter price, population, and income. Popula- 
tion and income are included to reflect the continuing 
longrun growth In dem-.no for cheese. Mathematically, 
butter production is treated as a residual. Through use 
of physical conversion factors, total milk production not 
required for fluid milk and cheese becomes butter. The 
supply prices of total milk, butter, and cheese and the 
demand price of fluid milk products are related to reflect 
product yield. 

Economic activity between regions is related through 
trade prices and a world equilibrium for each commodity 
traded. The commodity -specific world equilibrium equa- 
tions state that total world production minus total world 
demand equals the change in stocks. Stock changes are 
either predetermined or treated as residual, depending 
on the purpose of the particular simulation. Each region's 
Import or export prices are related to the region's 
demand price, either through constant margins of through 
decreasing margins as trade prices Increase. That If, it is 
assumed that whenever import prices increase, the entire 
increase will not be passed on to consumers. Finally, 
trade prices in the different regions are related. 

GOL incorporates a number of exceptions to the 
treatment outlined above. These exceptions are included 
to more accurately model a particular region. For exam- 
ple, variable levies are included in the equations for the 
European Economic Community (EC). In addition, spe- 
cial equations linking the original six countries (EC-6) and 
the new members (EC-3), which are modeled as separate 
regions, are included to reflect the gradual harmonization 
provided for in the EC's Common Agricultural Policy. 
For major exporters, the unusually high response suggested 
by the supply coefficient at lower levels of total resource 
use reflects policy rctions to withhold area from produc- 
tion. In contrast, the low response indicated at high levels 
of resource use reflects slowed producer response in an 
open-market situation. Consequently, many of the coeffi- 
cients in the over 900 equations of GOL reflect a combi- 
nation of economic variables as well as policy constraints. 
Thus, meaningful use and interpretation of output ot tie 
model require an understanding of the implications in- 
tended. 



ALTERNATIVES PRESENTED BY 
THE MODEL 

The GOL model has been used both to assist analysis 
of broad alternative futures and to assist answering spe- 
cific questions. The broad alternatives usually specify in- 
come growth or technological progress as being faster or 
slower than expected. Or they specify genera, changes 
in import restrictions. The broad alternatives are imple- 
mented by changing, uniformly, the income or popula- 
tion growth rates for the developed or developing regions 
and by changing specific model parameters that represent, 
for example, import levies. Some specific questions for 
which runs have been developed are these: 

• What would happen to production, consumption, 
and trade if the U.S. export price of grains were 
fixed? 

• What would result if Brazil added substantially to 
its oilseed area? 

Answering iuch questions often requires adding addition- 
al equations and variables to the model, and, usually, 
careful consideration of the overall model structure. 



STATUS OF MODELING EFFORT 

The modeling efforts outlined here are in varying 
stages of development with regard to: 

• Testing the mathematical feasibility of quantifying 
the Interaction of economic, technical, and policy 
considerations. 

• Developing computer capabilities to generate and 
present alternative futures at reasonable costs 

• Exploring the issue of short-term forecasts versus 
long-run projections 

• Establishing linkages to other models that have dif- 
ferent aggregations and 

• Retaining GOL's stochastic properties and assessing 
the probabilities of alternative futures. 

The GOL model moves beyond previous ERS efforts 
to developing an ongoing detailed world model with 
several commodities, one sufficiently flexiNe to project 
alternative futures that are internally consistent within 
and between alternatives. The computer program con- 
sists of three parts: (1) a matrix generator to facilitate 
data input, (2) the MPS-3 programming system for 
obtaining the solution, and (3) a report writer for pre- 
senting results/ 



'Roper Strickland helped develop the matrix generator 
(/ 7, 25). Current costs for the usual run at USDA's Washington 
Computer Center are about $20 for the matrix generator. $20 
for the solution, and $3 for a printout ot the results. Output in- 
cludes about 30 tables containing data on supply and distribu- 
tion, prices, per capita production and consumption, and 
growth rates; and speda 1 • tmmary tables. 
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Level of Detail 

GOL's main strength is its level of commodity, region- 
al, and price detail. It provides for resource competition 
across the crop sector and demand competition among 
different crops for food and feed use. GOL also incor- 
porates physical input-output rates in the feed-livestock 
sector and in the crop sector of the developing countries. 
The regional detail differentiates producing and consum- 
ing regions as well as regions at different levels of eco- 
nomic growth and income levels. The model's supply, 
demand, and trade price detail allows policy flexibility 
on production and marketing strategies. While the detail 
incorporated into GOL leads to a number of computation- 
al problems, exclusion of any of the model's commodity, 
region, or price components could reduce cross-commod- 
ity and cross-region competition and differentiation. 

"Limitations 

A number of programming limitations affect GOL. 
The endogenous (simultaneous) part of the model is lim- 
ited to linear equations. At low price lev Is, such equations, 
tend to generate very low price response. Nonlinearities 
are handled by specific changes to the input file; that is, 
by compensating throug£ coefficient adjustments. Also, 
the current version of the model does not include a trade 
matrix or an objective function. Though set in a linear 
programming (LP) framework, GOL has a square matrix, 
in which the solution algorithm is used as a matrix inverter. 
A transportation and transfer matrix and objective func- 
tion could be added at some later date. 

GOL is a static equilibrium model. Though this charac- 
teristic may be appropriate for long-term projections, it is 
not satisfactory for short-term and, possibly, intermediate- 
term forecasting. Equilibrium point estimates can be made 
for different projected time periods, but estimates for 
each period are independent of estimates for any other 
period. A more ideal system would project a dynamic 
sequence of estimates, beginning from some current level 
because some variables (such as stock levels and produc- 
tion shortfalls) are critical in the short and intermediate 
term. Other variables (such as population and those fac- 
tors affecting the resource base) would predominate in 
the longer run. The modeling system should permit test- 
ing the impact of a disturbance, such as a production 
shortfall, at any future point in time in relation to the 
projected situation at the point of disturbance. Work in 
this area, taking into account trade flows, is being pur- 
sued by Takayama in Illinois and, to a lesser extent, by 
Johnson at North Carolina State. ERS economists, par- 
ticularly Kost and Schwartz, are also working to link long- 
range projections with short-term forecasting in the inter- 
national area. 



Future Refinements Under Consideration 

Three methods are currently being considered to solve 
GOL's programming limitations. First, the number of vari- 
ables could be reduced by combining some regions or by 



eliminating the "accounting" variables; that is, those 
variables which appear only in their definitional equa- 
tions. Second, the GOL model could be taken out of the 
LP environment, as other solution algorithms may be 
preferable. TOrd, pre- and post-optimization routines 
could be added to the computational system. For exam- 
ple, it might be desirable to divide the model into sub- 
sectors, as explained below. This procedure would reduce 
the number of variables and equations that would be 
needed for the LP (or quadratic programming) optimiza- 
tion routine. 

Another area needing ore study is that of linkages^ 
with other internation, lodels, whether in terms of 
inputs or outputs. Link. questions also arise from 
problems of aggre^ disaggregation. Factors such 

as income lin? jv>l model to a country or region's 
general econom>. However, no provision is made for feed- 
back, which could be important in those developing coun- 
tries where agriculture is the major sector i.< the economy. 
A multicommodity model, in some instances, should also 
be linked to more global trade models to reflect changes 
in foreign exchange positions and their impacts on com- 
modity trade. Linkage to a more detailed single-commod- 
ity model may also be desirable. Also important is tying 
the GOL model output into the more detailed ERS core 
projections system for the United States and providing for 
cross-model interaction. More formal interaction is needed 
here. 

In the current version of GOL, grains were empha- 
sized, and livestock products received less than full cover- 
age. As more information becomes available, particularly 
for the developing countries, the livestock sector could 
be enlarged. This change could require creating separate 
detailed submodels which could be linked to a more aggre- 
gate type of GOL model. Subsector models of this type 
could be integrated into a -ollapsed version of GOL in 
which only the excess supply and demand functions 
(trade) would be solved simultaneously. 

Very little formal analysis has been done to evaluate 
the stochastic properties and assess the probabilities of 
alternative GOL projections. This work would require 
assessing the probabilities of the assumptions as well as 
the stochastic properties of the model structure. Project- 
ing backward into history might provide some clues. How- 
ever, projections of alternative futures often involve 
changes in structures that have no historical record. Fur- 
ther analytical effort is needed to document those parts 
of the model with stochastic properties and those with- 
out them, so that the relative probabilities of the projec- 
tions can be realistically assessed. 

WORLD GRAIN-OILSEEDS-LIVfiSTOCK 
ECONOMY, 1985: ASSUMPTIONS 

Each of the alternative projections of the GOL model 
has involved general as well as specific assumptions. Sev- 
eral of them, such as the absence both of major wars 
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and natural disasters, are common to all the alternatives. 
Incorporating a natural disaster or world war assump- 
tion would completely overshadow the relationships 
within the agricultural sector or the general economy, 
and it would shape projections to fit exogenous political 
or humanitarian considerations. The areas covered in 
some of the basic assumptions are outlined below. 

General Assumptions 

Population. Population growth is a key variant in de- 
mand growth for agricultural products. The United 
Nations median variant population growth rates, as 
assessed in 1974 and modified within ERS to reflect 
subsequent developments, were used for each region. 
An exception was the United States, for which popula- 
tion is projected according to series III figures from the 
U.S. Department of Commerce. From 1969-71 through 
1985, population is expected to increase 0.8 percent 
annually in the developed world and 2.7 percent annu- 
ally in the developing market economies. 

Income. Income is another key variant in demand 
growth for agricultural products. While population may 
be the single most important demand factor in the devel- 
oping countries, income is the most significant contribu- 
tor in the developed nations. 

USDA projections use real per capita private con- 
sumption expenditure (?CE) or, when PCE data are not 
available, either gross domestic product or net material 
product as demand shifters. The basic income projec- 
tions used in GOL are the projected "trend" income 
values from the Food and Agriculture Organization's 
(FAO) t974 Assessment. For the developing countries, 
FAO rates to 1985 are above the trend levels of the last 
decade and a half. GOL's alternative projections art 
based largely on adjustments to those basic income 
growth rates. In all cases, however, income and price in- 
puts are measured in constant currency units with a 
1970 base. 

Specific Assumptions 

Technology and Inputs. The projections assume that 
technology will continue to evolve as in the recent past. 
The developed countries, and, to a lesser extent, the 
developing countries, will continue to take advantage of 
technological innovations. Rates of adoption, however, 
will generally remain limited by the relative costs of 
inputs, particularly the energy costs assumed to be higher 
for the projected period than in the past decade. More 
specific adoption assumptions, particularly for the devel- 
oping countries, are incorporated into individual GOL 
alternatives. 

Some analysts question whether technological im- 
provements, will permit increases in crop yields over the 
next decade and a half at the rates achieved over the last 
two decades. However, analyses of growth in grain yields 
in the major grain-producing regions of the world for 
1965-75 fail to substantiate the contention that growth 
in grain yield is stagnating. 



Weather Variability and Stock Change. Weather varia- 
tions and stock levels are key factors affecting supply 
availabilities, price fluctuations, and trade levels. Pro- 
duction levels in any one year will be affected by long- 
term weather trends as well as by year-to-year fluctua- 
tions. Alternative stock policies aimed at accumulating 
and drawing down reserves in periods of surplus or pro- 
duction shortfall can either aggravate or minimize the 
price and consumption adjustments generated by wea- 
ther fluctuations. 

The GOL alternatives all assume normal weather. 
Small fluctuations in stocks are associated with a normal 
weather assumption. If weather patterns deviate substan- 
tially from the normal of the last two decades, and if 
shortfalls occur more often than twice a decade, substan- 
tially high production levels in the "good" years would 
be needed to accumulate sufficient stocks to maintain 
consumption in "bad" years. Given the probability of 
shortfalls and specific policies as to how much these 
would be covered from stocks and how much met by 
cutbacks in consumption, another GOL alternative could 
be projected to quantify changes in price, production, 
consumption and trade levels. 

Policy Assumptions. The policies of the major impor- 
ting countries can affect production, consumption, and 
trade as much as can the interactions of economic varia- 
bles. Agricultural and trade policy assumptions are incor- 
porated into the different alternatives, explicitly or im- 
plicitly, through adjustments in the coefficients. For 
example, the total area equation for the major exporting 
countries has a very responsive price coefficient to 
reflect the effect of open-market forces as well as likely 
government action to adjust area to changes in foreign 
and domestic supply and demand conditions. 

The price and stock policies of the major exporting 
countries are basic to all the alternatives.* The major 
exporting countries are expected to continue their pres- 
ent policies of adjusting production levels and of carry- 
ing at least the minimum stocks necessary to keep the 
world in relative balance rather than to permit sizable 
surpluses and deficits to develop. 

The restrictive trade and domestic agricultural pro- 
duction policies of the major developed importing coun 
tries other than Japan are expected to continue through 
1985 in GOL's base alternatives. The countries of West- 
ern Europe in particular are assumed to maintain at least 
current self-sufficiency rates through continuation or 
modification of present food and fiber policies. It is 
assumed, for example, that the EC will continue to use 
variable levies to control the flow of imports. It is also 
assumed that price policies of other Western European 
countries will result in price levels similar to those In the 



*(iivcn the key U S role in either the export or import of 
all the eommoditict cons«dcred in fiOL, the appropriate U S. 
c.i.f. or f.o.b, priec is used as an induator of world supply and 
demand conditions. 
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Community. Possible changes in policy mixes are tested 
under different alternatives. 

Hie longrun level of U.S. trade with the USSR, 
People's Republic of China, and Extern Europe is 
assumed to b» affected moqp by political than economic 
(actors. Uiowrfh no special multicommodlty trade agree- 
ments have been assumed between the United States and 
the centrally planned countries, the levels of trade pro- 
jected aw in line with the quantities outlined In recent 
bilateral agreements. 

Hie livestock and poultry economies starting up in 
most of the developing countries are not assumed to 
have taken off by 1086. Foot-and-mouth disease, aftosa, 
will continue to strongly- influence trade patterns. As 
aftosa already exists In fioth Europe and South America, 
trade in fresh and frozen meat between these two conti- 
nents will continue. And because the disease doer not 
exist in Oceania and the United States, they will be able 
to export to the whole world, but they will not 'import 
fresh or frozen meat from an'* -Tected areas. 

Quotas on beef imports to the United States are 
assumed to continue. Imports of dairy products to the 
United States also continue to be limited by quotas. 
Butter is excluded and some growth in cheese imports is 
permitted as demand warrants. Because ot continued 
heaith regulations, other policy factors, ano natural de- 
velopments, fresh milk is assumed not to be traded. Pri- 
mary adjustments In dairy markets between countries 
will occur for butter and cheese. It is assumed that their 
prices can be read as barometers of price pressures in the 
international dairy situation. 



WORLD GRAIN-OILSEEDS-LIVESTOCK 
ECONOMY, 1986: RESULTS 

Overall Conclusions 

Hie general results com ;»n to all alternative seta of 
1985 projections from GOL generated to date indicate 
the following: 

• Continued growth in economic activity, particu- 
larly in the developed countries, would generate a 
strong and growing demand for meat and live- 
stock products— unde. all alternatives. 

• Per capita meat consumption grows under all 
alternatives projected; however, per capita con- 
sumption stagnates In the developing countries 
under the low-income VowtK alternative. 

• In the base projection, per capita meat consump- 
tion in the commercial sector of the world meat 
economy is expected to rise from 72 kilograms to 
an annual average of 78 kilogram- in 1985. ^ 

• Though expanding demand for !.,«?$ toe k products 
cannot occur without growth in Income, national 
production and trade policies may be more impor> 
tant than income growth In determining world de- 
mand and trade levels for meats. Policies stimulating 
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or dampening meat consumption growth in Western 
, Europe and Japan could alter world trade patterns 
directly, and they could retard or stimulate meat 
consumption elsewhere Indirectly. 

• Continuation of present policies would tend to 
bring high Internal price policies and continued 
barriers to meat imports in Western Europe and 
Japan, including restrictions on consumption in 
some developed countries because of high fuel and 
energy colts. 

^ • Developed countries will continue to be the major 
meat producers- nost two-thirds of world meat 
in 1985. 

• In the base projection, a 44-percent increase In 
feed gi-ain allocation is associated with a 36-per- 
cent rise In meat production In the developed 
countries; in the developing countries grain use for 

' livestock feed grows 7€ percent while meat pro- 
duction hcreases 70 percent. * 

• Pro, ,v*ed higher relative feed costs will dampen 
expansion 6f meat production unless economies 
occur in the marketing and production structure 
of the livestock sector. 

> • If harmonization of the European Community is 
fully realized by 1985, the following impacts on 
trade patterns in meat follow: 
—The United Kingdom is largely eliminated as an 

import market 'or third-country meat as EC 
""members trade more and more with each other. 
-Australia loses the United Kingdom market but 
* enjoys largely offsetting expansion of exports to 

toe United Stat**, Japan, and elsewhere. 
— Argentina's loss of the EC market is not directly 

compensate*) in the U.S. market because of the 

aftou problem. 

• Hie United States continues to be k more impor- 
tant market than Japan and Western Europe for 
meat imports; if Japan and Western Europe adopt 

a less restrictive approach, the traditional exporting 
countries would find markets more encouraging in 
Western Europe and Japan t in in the United 
States. 

• Over the next decade, the world can produce 
enough grain at reasonable prices to meet the 
demand of a largely cereal diet in the developing 
world and a moderately rising feed demand in the 
developing world. 

• World trends in the production of individual grains 
are expected to continue. Wheat will account for 
slightly less than a third of the grain total while 
coarse gr; 'ns are expected to increase slightly, at 
the expense of rice, to roughly three-fifths of the 
total Approximately two-thirds of the production 
increiu* is expected to result from assumed levels 
of improved yields. The remaining one-third results 
from increases in area. 

• Importing and exporting countries in the developed 
and centrally planned countries will continue to be 
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the mijor producers and consumers of wheat and 
coarse grains; rice production and consumption 
will remain concentrated largely in the developing 

countries. 

• The big factor in the growth in demand for grain 
in the developed countries will be the feed demand 
generated by an expanding livestock sector. 

• Substantial increases to .food grain demand are 
expected over the next decade in the developing 
market economies, primarily because of an expected 
2.7-percent growth in population. Total cereal 
consumption is projected to rise annually at 3.2 to 
3.7 percent. 

• The vorld grain balance hinges largely on the 
degree to which the lower income developed coun- 
tries follow the feed usage patterns of the United 
States and the European Community. If income 
grows rapidly in the developing countries and it is 
translated into demand for livestock products, or 
if the medium and low-income developed countries 
adopt the livestock techniques of \>pan, the 
European Community and tha United States, or if 
both developments occur, grain prices * )uld be 
pushed substantially above the base 1970 price 
level. But as demand for feed tightens available 
world grain supplies, food demand would be 
expected to outbid feed demand, particularly in 
the developing countries. 



Specific Conclusions Regarding the 
Developing Market Economies 

•Based on results of GOL for all 1985 projections, 
certain developments are likely in the developing mar- 
ket economies : 

• World grain production over the next decade will 
permit continued improvement in per capita 
cereal consumption in the developing market 
economies. Per capita consumption levels are pro- 
jected to rise from 172 kilograms in the 1970 base 
to 185 kilograms in 1985 under the base assump- 
tions. Per.capita consumption would be as high as 
202 kilograms under the high demand, high pro- 
ductivity alternative. 

• Production of cereals in the developing market 

* economies is projected to barely exceed the annual 
population growth rate of 2.7 percent. Growth m 
production under the high productivity alterna- 
tives, however, would average a full 1 percent 
above the population growth rate. 



• The developing countries' import demand is pro- 
jected to rise from 18 million metric tons in base 
period to 48 millio.n tons in 1985 under the base 
alternatives and as high as 68 million tons under 
the high-demand alternative. Developing countries' 
imports could be as small as 34 million tons if 
these countries accelerate production by increasing 
inputs and adopting updated technology at the rates 
postulated under the high productivity alternative. 



APPENDIX 

Details of GOL Model in 1975 

The Appendix summarize? GOL s mathematical form 
and presents one region's equations (pp. 96-97). 

In matrix form, the model can be written as: 

AX - D 

where A is a coefficient matrix (square) of linear interac- 
tions, X is a vector of endogenous variables, and D is a 
matrix of the exogenous parts of the model. 

Though the matrix A must be linear because a linear 
programming solution is used, matrix D has no such lim- 
itations. The form of D depends on the assumptions 
made with respect to the kind of impact expected from 
the exogenous or given variables. The impacts may take 
one or some combination of the following forms: 

D - C + B (1 + R) T 
D - C + EZ 
D - C + KT 

The firsl assumes a compound growth rate is appropria- * 
ate. B is a vector of bases to be compounded, R represents 
a set of growth rates for particular exogenous variables, 
and T is the number of years over which compounding 
occurs. The second form assumes linear growth in which 
E is the coefficient matrix and Z, a vector of exogenous 
variables. The third simply assumes that linear trends 
prevail. 

In the equations, the following code is used: 

Characters 

First, second country 

Third, fourth functional designations, such 

as supply and demand 
Fifth, sixth commodity 
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European Community (Euro tix) 

Demand Equations 

C6QDB + 2.6972 C6PDB - 1.6403 C6PDP + .6907 C6PDZ - 1*448.4 + 4,828(1 + .6(. 03263) + .00580] T 
C6QDP - 1.994 C6PDB + 4.528 C6PDP - .8590 C6PDZ - 899.3 + 4,997(1 + .5(. 03263) + ,00580] T 
C6QDZ - .5814 C6PDB - 1.0855 C6PDP + 2.934 C6PDZ • 363.88 + 1,917(1 + 1.0(. 03263) + .00580 + .005] T 
C6QDV - .0276 C6PDB - .0392 C6PDP + .0594 C6PDV - - 11.46 + 231(1 + .00580] T 
C6QDLM + 76.52 C6PDLM - 7,881.6 + 31,526(1 + .2<. 03263) + .00580] T 
t C6QDLB + 4799 C6PDLB - 837.91 + 1,197(1 + .2<. 03263) + .00580) T 

C6QDLC + .7591 C6PDLC - 1,099.2 + 1,832(1 + .5(. 03263) + .00580] T 
C6QDWH + 44.46 C6PDW - 4,460.2 + 22,300(1 - .1(. 03263) + .00580] T 
C6QDCH + 21.38 C6PDC - 1,964.8 + 9,825(1 + .1(.0326J) + .00580) T 
C6QDRH ♦ .5425 C6PDR - 181.19 + 604(1 + .2 (.03263) + . 00580 ] T 

C6QDGF - 1.3 C6QSB - 3.6 C6QSP - 2.7 C6QSZ - .25 C6QSV - .1248 C6QSL - 3.1 C6QSE - 30.92 C6PSP 

+ 253.67 C6PDC - 45.72 C6PDK - - 51,128.84 + 46,6 25(1 + .005] T 

C6QEWF - .1*5 C6QDGF + 20 C6PDW + 50 C6PTW - 50 C6PTC - 2,150.28 

•C6QDCF + C6Q0WF - C6QDGF - 0 

C6QDKF - .16 C6QSB - .67 C6QSP - 1.18 C6QSZ - .0326 C6QSL - .71 C6QSE - 17.8 C6PSP - 103.3 C6PDC 

+ 25.40 C6PDK - - 30,474.74 + 10,546(1 + .004] T 

Supply Equations 

C6QSB - 2.27 C6PSB + .8785 C6r3P - 6.431 C6PSL + 9.6104 C6PDC + 4.3307 C6PDK - - 441.6 + 4,416(1 + .02] T 
C6QSP + 1.952 C6PSB - 4.698 C6PSP + 3.098 C6PSZ + 22.028 C6PDC + 9.926 C6PDK - 2,530.9 + 5,091(1 + .024] T 
C6QSZ + .494 C6PSB + .509 C6PSP - 2. 7*3 C6PSZ + 8.356 C6PDC + 5.649 C6PDK - 768.0 + 1,920(1 + .044] T 
C6QSV + .0376 C6PSB - .284 C6PSL + .3183 C6PDC - .0602 C6PSV - 165.74 
C6QSE - 2,576(1 + .00580] T 

C6QSL - 8.425 C6?SB - 252.9 C6PSL + 404.9 C6PDC + 218.9 C6PDK - - 3,721.96 + 74,412(1 + .003] T 

C6QSLC - 1,859(1 + .5(. 03263) + .010] T 

C6QSL - C6QDLM - 22.935 C6QSLB - 7.105 C6QSLC - 0 

C6HAT - 29.05 C6PSC - - 2,192.7 + 21,925(1 - .75(. 03263) + .025] T 

C6HAW - 71.32 C6PSW + 91.67 CbFSC - .435 C6HAT>- 347.41 - 80 T 

C6HAC + 71.32 C6p«w - 91.67 C6PSC - .530 C6HAT - - 295.035 + 80 T 

C6HAR - .2157 C6PSR - - 38.791 + 194(1 + .003] T 

C6QSW - 81.26 C6PSW -3.19 C6HAW - - 1.57*. 99 - 63.07 C6ZI + 875 T 
C6QSC - 156.18 C6PSC - 3.47 C6HAC - - 3,932.2 - 78.59 C6ZI •* 1,260 T 
C6QSR - .735 C6PSR - 3.41 C6HAR - 65.58 - 1.083 C6ZI + 6 T 
C6QSK - 549 + 10 T 

Rational Equilibrium Condition* 

- C6QSB + C6QDB + C60TB - 0 

- CbQST + C6QDP + C6QTP - 0 

- C6QSZ + C6QDZ + C6QTZ - 0 

- C6Q72 - C3QTZ - - 44.0 

- C6QSV + C6QDV + C6QTV - 0 

* C6QSLM + C6QDLM + C6QTLM • 0 
/ 
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lurop«*n Connunity (luro six) —Continued 



lkiloaal ImllibrluM Condition* (Continued) 

- C6Q6L1 + C6QBLB + 06QTLI • 0 f 

- C6Q8LC + C6QDLC ♦ C6QTLC • 0 

- C6Q6W + C6QM ♦ C6QDWT + C6QTH • 0 

- C(q8C ♦ 06QDCS ♦ C6QDCF + C6QTC - 0 

- C6Q81 + C6QNB ♦ C6QTR - 0 

- 06Q8R + O6Q0KF ♦ C6QTK - 0 

3uPPlr-D— « ad Mci Bgmtlop* 

C6Fil - ,7 C6PDS - 100.9 - 200[1 + .2(.03263)] T 
C6P8P - .8 C6PDP - 1*7.6 - 150(1 + .2(.03263)J T 
C6F3Z - .7 OSrOZ - 150.7 - 150[1 + .1(.03263)J T 

spsv - cam - 0 

06PSL - .13^4 C6PSR - - .3 T 
06FSV - C6FW • - 3.30 

D— asd-Supply Prico Equation* 
C6PDLH - CSP3L - 0 
C6FWJ - 22.935 06PSL - - 616.305 
C&PDtC - 7.105 C6FSL - 716.185 

Otwmd-Trndo Prico Equation* 

C6PDI - C6PTB - C6PL8 • 0 + 209(1 + .3(.03263)] T 
C6P» - C6FTP - C6PLP - - 150.0 + 150(1 + .3 (.03263) J 
C6KTC - 1.2 C3PTV - 0 + 134.4(1 + .3(.03263)J T 
C6PW - C6PTW - C6PLV • - 21.82 
C6PDC - C6PTC - C6PLC - - 5.63 + .3 T 
C6PDI - C6PTR - C6PLI - 2.64 
C6PDK - C6PTK - 0 f 

T rie* Equation* Variable Lory 

C6PLB + .2 C6PT1 159.0 v 249(1 + .3(.03263)] T 
C6PLP + .2 C6PTP - 117.2 + 297(1 + .3(.03263)] T 
C6PLH + .2 C6PTW - 13.04 + 45(1 + .l(.03263)J r 
C6PLC + .2 C6PTC - 12.36 + 29(1 + .1(.03263)J T 
C6PLR 4 ,2 C6PT1 - 30.91 + 100(1 + .1(.03263)J T 

totlonal txlc* Equation* 

C3PDX - 1.4 C6PSZ - - 127.4 + 77.4 DVZ + 3 T 
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INTRODUCTION 



The vide fluctuations In food supplies of the last few yaere— froa surplus to 
shortage and back to surplus — have focused attention on a number of longer ten 
world food problems that had been submerged during most of the last two decades. 
The most Important of these problems has been, the Increasing depandence of the 
developing countries on the developed countries for imports of food; A second 
problem has bean the sporadic but Increasingly large grain purchases of the 
centrally planned economies. Still another problem arises from the Increasing use 
of grain and other concentrate feeds In the production of meat and other livestock 
products. 

Until 1972, the Impact of these problems was largely mitigated by the extensive 
stocks held by tha major grf in exporting countries, particularly the United States. 
The Increasing dependence of the developing world on both commercial and 
concessional Imports, the Increased Import demand of the centrally planned 
countries, and tha expansion of grain-fed livestock production in tha developed 
world permitted the exporting countries to reduce surpluses resulting from farm 
Income support programs. But the use of concessional food aid shipments as part of 
the exporters 9 surplus management program, and the low food price policies made 
possible by the developing countries 9 concessional imports, dampened Incentives to 
produce food in a number of developing countries. The stock drawdown policies and 
tighter production controls Implemented by the United States and the other major 
exporters In the late 1960's and aarly 1970 9 a reduced their grain stocks even 
.further, made more grain available to food importers, and encouraged more extensive 
use of grain in livestock production in the feed importing countries. 

Production shortfalls in the USSR in 1972, followed by tha Soviet's decision to 
import enough grain to maintain high consumption levels, combined with shortfalls in 
other parts of the world, depleted world stock reserves. Production shortfalls In 
the United States in 1974 and In the Soviet Union again in 1975 could not be made up 
through stock drawdowns. The world wae consequently left dependent on annual 
production to meet current food needs. 

er|c ,» 
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Harked improvements in production in 1975/76 and again in 1976/77 virtually 
reversed the world food situation by the beginning of 1977/78, With world supplies 
up and consumption lagging, world stocks of grain hit a decade high, while stocks in 
the United States hit a 15-year high. This pronounced shift back toward abundance 
has not solved the problems that generated the world's 1972/73-1975/76 food crisis. 
Recent short-term improvements in world food supplies could well worsen the world 
food problem in the longer term by making supply management in the exporting 
countries more difficult and by disguising problems in the deficit areas of the 
world as opportunities to dispose of excess supplies. 

The recent phenomenon of widely fluctuating food prices and uncertain food 
supplies that arose out of this combination of weather related production 
shortfalls, ^olicy changes, and long-term trends raises the following important 
issues: 

— Will the developing world continue to increase its 
dependence on the developed world for food imports? 

— What will be the balance between the developed and 
developing world? Imports of food versus imports of 
agricultural inputs and technology? 

—What will be the pattern of adjustment forced on the 
world's coflnercial meat economy by rising grain prices? 

—What will be the relationship between grain use for food 
and grain use for feed and how will it differ among regions? 

— Do the major exporters of grain have the long range 
capacity to meet the world's growing demand at reasonable 
prices? 



This publication addresses these and other questions through the use of a 
mathematical model to project world production, consumption, trade, and prices of 
grains, oilseeds, and* livestock products to 1985 under several different 
alternatives .J7 These projections should not be interpreted as forecasts of the 
future. The probability that a particular set of projections will materialize 
depends on the likelihood of its specific assumptions and th? basic relationships 
underlying the projections. Moreover, long-range projections or basic assumptions 
and relationships can be invalidated over time, particularly if the attention they 
draw to developing disequilibria is followed by corrective action. 

The major alternative sets of projections evaluated in this study can be 
suamarized as follows: 

— Alternative I assumes a modified continuation of trends 
and basic agricultural and trade policies around the world. 
International trade is somewhat restricted by protectionist 
national economic policies, but not all trade restrictive 
goals are 'met. 

— Alternative I-A assumes the successful implementation of 
alternative I*s protectionist policies in the developed 
countries and slowed economic growth in the developing 
countries. 

If For other studies concerned with these problems see pp. 79-83. 
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—Alternative II assumes high income growth rates that 
generate substantially higher levels of world import demand, 

—Alternative III quantifies the effects of generalized 
slowed income g ?wth and low world import demand in 
conjunction with alternative I-A*s restrictive trade 
policies. 

—Alternative IV tests out the case of moderately higher 
productivity in the developing countries in the context of 
high income growth rates and strong world import demand. 

—Alternative IV-A tests out the case of accelerated 
productivity in the developing countries in the context of 
high income growth rates and strong world ifijport demand. 

In addition, separate runs were made to capture how adverse longrus climatic 
change, as reflected by lower grain yields, might affect the world grnin supply- 
demand balance and resources avail ibility. Separate runs were also made to capture 
the effects of more frequent crop production shortfalls, caused by bad weather, than 
occurred in the two decades prior to 1972. Results of this analysis were used to 
determine the amount of additional productive capacity needed to build stocks in the 

good years to maintain consumption in "bad" years. In both cases, these 
parametric runs were tested using each of the alternative I, II, and IV assumptions. 



ANALYTICAL FRAMEWORK 



UC 



The research reported on in this study is based on a formal mathematical model 
used to project key economic variables in the world's grain, oilseed, and livestock 
sectors. This report concentrates on the model's projections to 1985. 2/ 
Mathematical relationships underlying the model were specified to capture the 
interaction of production, consumption, trade, and prices of grain, oilseed, and 
livestock products. 

These mathematical relationships may be grouped into nine major components: 



1. 


Demand block- 


-livestock 


2. 


Supply block- 


-livestock 


3, 


Demand block- 


-feed 


4. 


Demand block- 


-food grains 


5. 


Supply block- 


-crops 



Area 

Production 



6. Price linkages within regions \^ 



2/ This model builds upon the world grain model by Rojko, Urban, and Naive (167) 
and the approach used has been influx ed by model development of Bawden (1007), 
Takayama and Judge (1069), (1070), and others. 



238 



222 



THE FOOD SECTOR 



7. Regional equilibrium 

8. Price equations linking regions 



9. World equilibrium equations for each commodity 



Each component of the model may be thought of as consisting of two basic parts: 
a driving and a responding part. 

The driving part of the model is made up of those variables whose levels are 
determined outside of the model. Included here are the usual demand shifters, such 
as population and income growth rates, and consumer preference variables, which are 
usually expressed as trend values. Also included are the usual supply shifters, 
including technology variables, statements on the availability and cost of basic 
agricultural, inputs, factors related to national conmercial and agricultural 
policies and practices, and basic growth rates for yields derived from analyses of 
data for the 1950's, 1960*8, and early 1970 f s. The specific equations of each of 
the model's components specify the levels of the driving variables, as well as the 
extent to which changes in these levels affect the variables in the responding part 
of the model. K 

The responding part of these components are 930 interacting variables that are 
being projected and are contained in 930 equations specifying supply-demand balances 
for up to 14 separate commodities in 28 regions of the world. In general, the 
parameters defining the interrelationships do not vary between alternative 
projection runs. The demand blocks consist of direct and cross d'ercand-pricB 
elasticities. The demand block for feed also includes physical input-output 
coefficients relating it to the supply block for livestock products. The supply 
block for livestock contains direct and cross supply-price elasticities. The supply 
block for crops distinguishes between area and production and allows for area 
allocation between crops subject to total area for these crops. The production 
equation allows for yield response to changes in relative prices. The price linkage 
and the equilibrium components relate the model within regionb and among regions. 
This responding part of the model is solved simultaneously for given levels of the 
driving variables and is essentially unconstrained. Base data centered on the year 
1970 were provided for the interacting variables and their counterpart values were 
projected for 1985. 

The parameters for the model's mathematical relationships were synthesized from 
either statistical analyses or the Judgment of experts. The model could not be a 
product of « direct statistical fit because of its size. Instead, to facilitate 
comparisons and permit evaluation of different alternatives, the model was built as 
an integrated framework of synthesized coefficients describing the behavior of the 
world's grain-oilseed-livestock sectors. The synthesized coefficients used in the 
model's equations were developed from numerous sources and adjusted when necessary 
to reflect relationships among the variables. Data for 1969/70-1971/72 were used to 
determine the value of the constants in the equations. But while the 3-year average 
1969/70*1971/72 was used as base for projections to 1985, developments through 
1975/76 were used to evaluate model inputs and projection outputs. 

The mathematical model, with the aid of a computer program, projects a set of 
equilibrium values for production, consumption, trade, and price? of grains, 
oilseeds, livestock, and livestock products; area, yield, and food and feed use 
values are also projected for grains and oilseeds. The computer program solves a set 
of simultaneous equations consistent with the specific alternative under 
consideration'. The equations are* specif led by commodity, by region, and according to 
economic function. They consequently constitute quantified descriptions of the 
world's grain-oilsted-livestock economy. The equations, as *ell as the supply 
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distribution tables for the individual alternatives, are being published in separate 
volumes* The parameters underlying the equations—that is, direct and cross supply 
and demand price elasticities and income elasticities of demand — are presented in a 
later section of this report* 

The scope and organization of economic relationships contained in the model are 
shown In table 1 and figures 1-2* The variable patterns for each of the model's 
regions are laid out in t?t>le 1. Grains and oilmeals are modeled In all 28 regions 
of the world (see p. 9 ). Table 2 lists the countries Included in each of the 
model's regions. Production and acreage equations were not developed for all 
regions; for instance, only International trade relationships were developed for the 
three centrally planned regions* Fuller representation of the centrally planned 
regions will be Incorporated in future modeling phases. Minor departures from full 
coverage in the other 25 iregions are deliberate and reflect judgments about the 
relative importance of a commodity in a specific region and the availability of 
data. 

Modeling of the livestock economy has concentrated, at this stage, on 
representing the commercially Important part of the world's livestock economy. The 
focus has been on beef *and on the developed countries and Latin America. Attention 
has also been given to other meats and dairy products as competing and complementary 
products and as close substitutes in consumption. 

Figures 1 and 2 present schematic views of (1) a region with both a crop and 
livestock sector, and (2) a region containing a crop sector only. Differences In 
the modeling approach car. be summarized by highlighting the treatment of the animal 
sector. Where there are complete crop and livestock sectors, separate production, 
consumption, and trade balances are calculated for both the crop and livestock 
sectors, with production of livestock products linked technically to the quantities 
of a specific crop produced for livestock feed. As a result* world trade for the 
crops as well as for the livestock commodities Is calculated. In regions containing 
only a crop sector, factors explaining the consumption and production of livestock 
products are considered to operate directly on the derived demand for crops used as 
livestock feed. In such iegions, no livestock balance and no foreign trade In 
livestock commodities are calculated. 



ASSUMPTIONS 



Each alternative projection set has its own bundle of assumptions concerning key 
economic variables and policy considerations. These are discussed in detail on 
pages 32-62 , where the results of the alternative projection sets are presented. 
Assumptions general to ail projection sets are discussed below. As Is usual, the 
projections assume the absence of major wars and natural disasters that would change 
the underlying factors affecting future supply and demand prospects. 



Population 

Population Is a key variant In the model's projection of growth In demand for 
agricultural products. The United Nations 1 "medium" variant population projections, 
as reassessed In 1974, were used for all regions except the United States, for which 
the lower Series III figures of the Department of Commerce were used (table 3 and 
fig. 3). 
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World Qraln-Ollsoed-Uveetock Economy 



Full Livestock Sector 



Income, Population, Tastes 
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World drain OHooo d I Ivootocfc Econo m y 




Change 



Figure 2 
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Table Invariable, used i„ world grain-oil.eed.-livestock model 



Region 



Developed countries: 

United States 
• Canada 

EC-6 
EC-3 

Other Western Europe 
Japan 

Australia/New Zealand 
South Africa 

Centrally planned countries 
Eastern Europe 
Soviet Union 
China 

* 

Developing countries: 
Middle Am rice , 
Argentina 
Brazil 
Venezuela 

Other South America 

Righ-incos* North Africa 

* Hlddla East 
Low-income North Africa 

& Middle East 
East Africa 
Central Africa 

India 

Other South Asia 
Thailand 

Other Southeast Asia 
Indonesia 

High-income East Asia 
Low- income Eaat Asia 

East of world 



Wheat 



DP PA 
DF PA 
DF PA 
DF PA 
DF PA 
D PA 
DF PA 
D PA 



Rice 



Coarse 
grain 



Oilseed 
veal 



Milk 



Cheese 



Eggs 



Beef 

cuts 



Beef, 
products 



Pork 



D 
D 
D 
D 
D 

DF 

D 

D 



PA 


DF PA 


F PA 


D 


S 


D 


S 




DF PA 


F PA 


D 


S 


D 


S 


PA 


DF PA 


F PA 


D 


S 


D 


S 


PA 


DF PA 


F PA 


D 


,S 


D 


S 


PA 


DF PA 


F PA 


D 


*S 


D 


S 


PA 


DF PA 


DF PA 


D 


S 


D 


S 


PA 


DF PA 


F PA 


D 


S 


D 






DF PA 


F S 






D 


S 



T 




T 


T 


T 


T 




T 


T 


T 


T 




T 


T 


T 


DF PA 


D 


PA 


DF PA 


F PA 


D PA 


D 


PA 


DF PA 


F PA 


D PA 


D 


PA 


DF PA 


F PA 


D PA 


D 


PA 


DF PA 


F PA 


D PA 


D 


PA 


DF PA 


F PA 


D PA 


D 


PA 


DF PA 


F 


D PA 


D 


PA 


DF PA 


S 


D PA 


D 


PA 


DF PA 




D S 


D 


S 


D S 


T 


D PA 


D 


PA 


DF PA 


F PA 


D PA 


D 


PA 


D PA 


D 


D 


PA 


DF PA 




D 


D 


PA 


DF S 




D 


D 


PA 


D PA 


D PA 


D PA 


D 


PA 


DF PA 


F PA 


D 


D 


PA 


DF PA 


S 



P 
p 
P 

F 

P 
P 



D P 



D - Demand, total or nonfeed 
F « Derived demand for feed 



T 
T 



D P 
D P 
D P 



P ■» Production 
A - Area 



D P 
D P 
D P 



S « Supply 

T - Foreign trade, net 



Poultry 



Mutton 
& lamb 



D 


,P 


D 


P 


D 


P 


D 




D 


P 


D 


P 


D 


P 






D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 


P 


D 




D 


P 


D 


P 




P 


D 


P 



D P 



24<! 



WORLD GQL MODEL ANALYTICAL REPORT 



227 



Table 2 — country composition of regions in the world grain-oilseed s-livestock model 



Regions 

i. developed countries: 

United States 
Canada 
v J , EC-6 

EC- 3 

Other Western Europe 

Japan 
Oceania 
South Africa 

II. Centrally planned countries; 
Eastern Europe x 

Soviet Union 
China 

III. Developing countries: 
Middle America 



Argentina 

Brazil 

Venezuela 

Other South America 



Composition 

United States 
Canada 

Belgium, France, We3t Germany, Italy, 
Luxembourg, Netherlands 

Denmark, Ireland, United Kingdom 

Atstria, Finland, Greece, Iceland, v *alta, 
Norway, Portugal, Spain, Sweden, 
Switzerland 

Japan f 

Australia, New Zealand 

Botswana, Lesotho, Namibia, Republic 6f 
South Africa, Swaziland 



Albania, Bulgaria, Czechoslovakia , East 
Germany, Hungary, Poland, Romania, 
Yugoslavia x t 

Soviet Union . ^ 

People's Republic f China [ 



Mexico, Bahamas, Bermuda, Costa R^ca, 
Dominican Republic, El Salvador, ' 
Guatemala, Haiti, Honduras, British 
Honduras, Jamaica, Nicaragua, Panama, 
Trinidad & Tobago, Other Caribbean 
Islands** 

Argentina 

Brazil 

Venezuela 

Bolivia, Chile, Colombia, Ecuador, 
French uuiana, Guyana, Paraguay, Peru, 
Surinam, Uruguay 



Continued — 
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East Africa 



Central Africa 



Tkbllf 2~Countr 7 composition of regions in* the world; grain-oileeeds-livestock model 
•-Continued 

High-income North Africa and Middle Uast Algeri^ Bahrain, Cyprus, Iran, Ira^ 

Israel, \Kuwait, Libya, Oman, Qatar, 
Saudi Arabia, United Arab Emirates 

Low-income North Africa and Middle East Egypt, Jordan, Lebanon, Morocco, Sudan, 

Syria, Tunisia, Turkey, Yemen (Aden), 
Yemen (Sana) 

Kenya, Malagasy Republic, Malawi, 
Mozambique, Rhodesia, Tanzania, Uganda, , 
Zambia 

Angola, Burundi, Cameroon, Central 
African Empire, chad, Congo, 
Ethiopia, Djibouti, Benin, 
Cabon, Gambia, Ghana, Guinea, 
Equatorial Guinea, Guinea-Bissau, 
Ivory Coast, Liberia, Mali, Mauritana, 
Mauritius, Niger, Nigeria, Reunion, 
Rwanda, Senegal, Sierra Leone, Somalia, 
Togo, Upper Volta, Zaire 

India 

Afghanistan, Banglades. Bhutan, Nepal, 
Pakistan, Sri Lanka 

Thailand 

Burma, Cambodia, Laos, South Vietnam 1/ 
Indonesia 

Hong Kong, Sin^ pore, South Korea, C^aiwan, 
Brunei 

Malaysia, Philippine Islands 

North Korea, North Vietnam 1/, Mongolia, 
Cuba, Pacific Islands, Papua-New Guinea 



India 

Other South Asia 
Thailand 

Other Southeast Asia 
Indonesia ►* 
High-income East Asia 

Low- in come East Asia 
Rest of world 
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Table 3~World population and growth rates, average, 1969-71, and projected, 1985 



Region 


Population levels 


• - 

•Compound annual 




: 1985 


^ growth rates 




average 


: projection 


: 






Percent 


Developed countries: 


700,346 


^ AO O OA 

792, 229 


.836 


United States 


204,880 


228,360 


.726 


* Canada 


: 21,030 


26,045 


1 ATA 

A • H JO 


EC-6 


k 1 qq nftA 


one 107 


.580 


EC- 3 


» to 101 


0/ , 393 


.410 


Other Western Europe 


• qo noi 


OA Q0 1 

09, 921 


.615 


Japan 


. 1 aa 00 a 


IOO /.AO 

122,443 


1.073 


Australia/New Zealand 


• 1 * **oa 


1 0 000 
19, 929 


1. 769 


South Africa 


» 21,300 


33,011 


2.964 


Centrally planned countries: 


» 1 1 o& 1 00 
; 1,120,107 


1 OOO OQO 

1 ,377, 702 


1.354 


Eastern Europe 


» IOC COQ 
► 123,029 


1 OO AQ£ 

139, *»or 


.700 


Soviet Union 


» OAO 7AA 


20 J, U1U 


1.028 


China 


: 757,800 


955,286 


1.556 


developing countries: 


1 70* A 1 OO 
1, /J4, 192 


O COI A1A 

2 , 391, 0/0 


2.680 


Middle America 


^ 78,844 


124,691 


3.103 


Argentina 


: 24,160 


29,173 


1.265 


Brazil 


» OA 

1 yH 9 00\J 


t A A O A C 
lHH 9 2«0 


2.848 


Venezuela 


10,788 


16,681 


2 948 


Other South America 


61,780 


92,940 


2.760 


Hiffh-incom«* North Africa & Middle East' 


» to oco 
I 02,732 


1 ai ni Q 
101,010 




Low-income North Africa & Middle East 


116,479 


177,518 


2.849 


East Africa 


57,534 


90,027 


3.030 


Central Africa 


179,755 


270,382 


2 759 


India 


564.810 


814,420 


2.4/0 


Other South Asia 


1 OO 1 AA 


tea no'. 
2 07, 02-» 


3.023 


Thailand 


37,160 


60.458 


3.298 


Other Southeast Asia 


56,000 


79,505 


2 364 


Indonesia' 


119,720 


177,000 


2.641 


High-income East Aaia 


50,280 


67,154 


1.948 


Low- income East Asia 


47,370 


76,834 


3.277 


Rest of world 


46,740 


(66,964) 


(2.426) 


World : 


3,607,467 


(4,828,045) 


(1.9454) 
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Worfd Poputatk*. Growth 




1M0 66 



Figure 3 



< 



. . °HI J P ro J ec " on P«lod. "69-71 through 1985, population la expected to 

mZSZT^JH ^ If"' ° J*'* PerCe?t 111 th * devel °P ed «rket economies and 2.7 
percent In the developing market economies. Earlier USDA projections used higher 

rates for the developed countries and somewhat lover rates for the developing 
y^'. * the r° rld Wl « the 1'9-P«cent U.H. growth rate used In the model 
•°*»«»*t lower than rates used In earlier publications of the USDA. 



Incoa 



oi^w "o' 1181 **y variant in growth In demand for agricultural products. 

Wlthgiyen levels of population, prices, and other factors, the rate of Increase In 
Income largely determines the level, pattern, and variation In per capita 
consumption of agricultural products. While population may be the most Important 
demand factor In developing countries, Income Is the most Important factor In 
developed countries. 

-r.^!!!! • v *} Uble « e " 1 ?* te8 of real P" «P"« Private consumption expenditures 
were used as Income variables or demand shifters. For countries where these data 
were not Reliable, either per capita grogs domestic product or net material product 
Tt 1970? 111 hmm99r * the Elicit Prices are thoae 

Income growth rates assumed in alternative I are the projected "trend" Income 
T~!£* J"* 1 !* 1 ** 1° the Pood and Agriculture Organization's 1974 Assessment of the 

World Pood Situation, Present and Future. For the developing countr ies, these 

trend income projections were arbitrarily boosted by FAO to roughly 150 percent 
of the growth rates of the 1960's. 7 P er cenc 
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Table 4 — World per capita private consumption expenditures and growth rates* 
average, 1969-71, and projected, 1985 





Private 


consumption 




* 

Region 


expenditures per capita 


. C.f\vt\ t\C\\ in n Ann im 1 


: lyoy— /i 


: 1985 Alt • 


1 ; gAHwun races 




average 


• projection 






: - - U.S. 


dollars - - 


Percent 


i/eveiopea coun cries; 


: 1,747 


2,803 


J. 202 


United States 


: 3,026 


4,660 


2.921 


Canada 


: 2,237 


3,490 


3.009 


fcl* 0 


: 1,463 


• 2,368 


J. £DJ 


fiU — j 


: 1,374 


1,846 


1 QQQ 
l.^O^ 


ucner wescern Europe 


: 1,008 


1,858 


4. lol 


Japan 


! ^ 9bO 


2 ,142 


5.452 


Australia/New Zealand 


: 1,596 


2,455 


2.913 


ouuiu Ainca 


i 502 


715 


o in o. 
£ . Jo3 


ran ► 1»fl 1 1 mw jL 1 am jJ f» J m oa 

vtcniioiiy piannea countries! 


i 439 


792 


A A1 ft 


Eastern Europe 


! 1,024 


1,988 


A IS0 1 

4. !>21 


boviec union 


: 1,202 


2,422 


/ TOO 

4. 782 


China 


i 113 


161 


2.388 


Developing countries: 


i 155 


251 


O ICC 

3. 233 


niaaie America 


: 449 


696 


1 SI aT / 

2.964 


Argentina 


t 724 


1,140 


J. i«o 


Brazil 1 ^ 
Venezuela 


268 


6J3 


5.893 


» 535 


796 


2.687 


ucner ooutn America 

> 


8 311 


414 


1. 923 


High- income North Africa & Middle East 


: 261 


614 


5.864 


Low- in come Nortn Africa « Middle East 


: 188 


306 


3.301 


tasc Atrica 


: 117 


148 


1.579 


Central Africa 


: 96 


133 


2. 220 


T.J J M 

insula 


; 73 


89 


1. j3o4 


Other South Asia 


: 95 


101 


.409 


Thailand 


130 


248 


4.392 


Other Southeast Asia 


83 


99 


1.182 




79 


114 


2.500 


Indonesia 


255 


578 


5.607 


High-income East Asia 


241 


251 


.271 


Low- income East Asia 








Rest of world J 


181 


232 


1.669 


World 


560 


634 


2.691 
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Figure 4 



Alternative I-A uaes the sane "trend" income assumptions of alternative I for 
the developed and centrally planned countries. Fo«? the\ievelOpinS couS* 

st-TIIo W li t ^J V ! X " A 0f tacrea8e cloae t0 tho '* 0* the 1960'i. These 

tTloi^^Jern:ti:. P n J i : Ctl0n8 8180 f ° r thfi deVel °P ln 8 count ^ a ^ 

Ut.™.*^ 8t T Ve „ II i I i 888U " e8 ^ COne gr ° Wth rate " t0 be ^"third lower than in 
™2£ IT-L^e* 11 "f! 8 ° f ^ Wrld * P°« tul * tla 8 ^at worU inflation and 
economic stagnation would result in si worldwide low- demand situation. For the 

«S! 1- ' 8 dettand altarnatlv « 8 ~ n . IV, and IV-A-assume more 

20 'liSST.S OWth h ra " a} £or the developed countries, the growth rate, .roughly 

50° ZZt Sfi S^"- and f ° r the devel °^ countries, rough? 



Prices 



.^JST ' P rodu " lon » 811(1 trade qusntities are projected simultaneously with major 
commodity price, in the gr.in-oilseed-livesiock model. Commodity prices Z each 
• at J dlffar » depending on the projected supply and demand balance. All 

522S^!Jw P 2 J ! Ct 2 * re81 1970 t . dolla " «o«t high inflation rate, and 

7 ! the f UtU " purch "in8 Power of money. Where utilised or implied, 
exogenous prlcee are also expressed in terms of 1970 dollars. »p™ t 
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Table 5 — World per capita private consumption expenditures and growth rates, 
by alternative, average, 1969-71, and projected, 1985 





5 1969-71 : 
Base [ 




1985 projection under alternative 




Region 


I 


; I-A 


; II 


; in ; 


IV & IV-A 








Real 1970 


U.S. dollars 






World 


: 560 


834 


814 


915 


730 


915 


Developed countries 


: 1,747 


2,803 


2,803 


3,075 


2,553 


3,075 


Centrally planned 
countries 


: 439 


792 


792 


792 


652 


709 


Developing countries: 




251 


214 


317 


214 


31 7 






Compound annual growth rates. 


percent 1/ 




World 


2.7 


2.7 


2.5 


3.3> • 


1>8 


3.3 


Developed countries : 


3.3 


3.2 


3.2 


3.8 


2.6 


3.8 


Centrally planned 
countries 


3.6 


4.0 


4.0 


4.0 


2.7 


4.0 


Developing countries: 


2.0 


3.3 


2.2 


4.9 


2.2 


4.3 



11 Growth rates undei 1969/70-1971/72 base are computed from 1960 to 1970. Growth 
rates for 198$ are computed from base 1970. 



Exchange Rates 



For about four decades prior to August 1971, the United States maintained a 
•table dollar In foreign exchaage markets. During that period, the U.S. dollar 
could be used as a numeraire for purposes of International currency value v 
comparisons. This Is no longer so confidently true. Since then, the dollar has 
been devalued twice and has been floating with respect to other currencies; gold has 
been removed from the central position In International monetary calculations an** 
been replaced by the SDR—Special Drawing Rights— unit. For this reason, variables 
In the G0L model are expressed In local currency or In "dollar equivalent" terms. 
For the ba3e period,, 1970 exchange rates or average foreign currency conversion 
rates are used. For subsequent years foreign exchange conversion factors were 
adjusted to those shown in table 6. The use of these rates In the projected period 
1$ valid provided intervening exchange rate adjustments fully reflect changes in 
relative price levels in countries. The model does not project foreign exchange 
rates. Exchange rates depend upon many factors not included within the model. It 
is assumed that projected changes in region-to-region ratios of real prices would be 
reflected in changes in exchange rates. 
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Table 6~Currency and exchange rate specifications 1/ 



Region 


Currency and exchange rates 


Developed countries: 
United States 
Canada 

European Community 
Other Western Europe 
Japan 

Australia/New Zealand 
South Africa 


: U.S. dollar 

1 Canadian dollar * 1 dollar equivalent 
: 1 unit of account - 1 dollar equivalent 
* Dollar equivalent 

357,600 yen -„1 dollar equivalent 

.897 Australian dollar • 1 An \ lar »nuiva i ant 

Dollar equivalent 


Centrally planned countries: 
Eastern Europe 
Soviet Union 

People's Republic of China 


Dollar equivalent 
Dollar equivalent 
Dollar equivalent 


Developing countries: 
Argentina 
Others 


3.75 new peso * 1 dollar equivalent 
Dollar equivalent x 



If Exchange rates as of July 1972. Dollar equivalent - 1 U.S. dollar. 



Technology and Inputs 

The GOL model treats technology and inputs, and thsir effect on productivity as 
cruciAl supply shifters. Technological advances and improvements in both the 
quantity and quality of inputs used in the production of food affect not only 
immediate crop and livestock yields, but also the agricultural resource ^ase. The 
continued evolution of technology along the lines of the recent past would be 
expected to expand the supply and improve the quality of resources to be used in 
food production. Perhaps the most obvious examples of this secondary effect of 
technology and inputs on the size and quality of the agricultural resource base are 
to be found in the impact of irrigation, the development and spread of pesticides 
and fertilizers, and the use of Improved seeds and livestock strains. 

The technology and inputs assumed in the GOL model either exist currently or are 
in the process of being developed. The availability of improved technology and the 
availability of inputs are consequently not assumed to be major impediments to 
future increases in food production. Accelerating the transfer of technology to the 
developing countries, adapting technology developed in the temperate countries to 
the needs of tropical countries, and encouraging adoption of technology and use of 
improved Inputs by the small developing farmer, however, are likely to be 
significant bottlenecks. The GOL model assumes some advances are made in these 
areas. Full use of existing technology in the developing countries, however, would 
world" * 8i 8 niflcant reorganization of the agriculture of much of the developing 

The projections assume that the developed countries, and to a lesser extent th- 
developing countries, will continue to take advantage of oncoming technological 
innovations and that limitation on the rate of adoption will depend mainly on the 
relative cost of inputs. 
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Several recent studies on land availability have concluded that at least twice 
as much of the world's land Is suitable for crop production as Is presently used* 
Nevertheless , there are serious regional problems resulting from a combination of 
population pressure on land and the difficulties of Increasing agricultural 
production with prevailing technologies. As with other resources and economic 
opportunities, arable or potentially arable land is quite unequally distributed 
among the world's developing countries. This affects the options available to 
different groups and to different countries. A very large proportion^ the world's 
people live in areas where possibilities for expanding the area cultivated are very 
limited. Bangladesh and Egypt, for example, mupt apply even more intensive, land- 
conserving methods of production to Increase for output. The same Is true, but with 
less extreme urgency, for Japan and Europe. Lat-j. America and Africa have both 
intensive and extensive possibilities, as do Canada and the United States. 

Except for Africa and Latin America, however, increases in land area will 
probably make progressively smaller proportionate contributions to future food 
supplies. The consensus of recent studies of world food production is that yield- 
increasing techniques will be the primary source of future growth in output, even in 
the developing countries (fig* 5). 

Fertilizer, is a keyc factor in yield increases, although it must be combined with 
other Inputs, such as improved varieties of seeds and Improved management practices, 
if it Is to have its full potential impact on yields. Assumptions regarding 
fertilizer use are treated in greater detail in the discussion of alternatives IV 
and IV-A. 



In 'addition to concern about the availability of land and fertilizer aroused by 
recent food shortages, some analysts question whether technological- improvements 
will permit Increases in crop yields in the future at the rates achieved in the 



Grain Area 

Mil. Hectares 

P mn pid Mark* Ecofwmtot 0«vil»plng Msrfcst i asmml n 
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past* Attention has been focused on an Apparent slowdown In the rate of production 
°* 9 ° m crops in some developed countries, and on the apparent loss of momentum of 
the Green Revolution in developing countries. The projections model assumes 
continued growth in grain yields in the developed countries but at rates below the 
highs of the 1960's. Por the developing countries, the model assumes grain growth 
rates marginally above those of the 1960's. 



Weather Variability and Stock levels 

Stock level assumptions are essentially part of broader production and trade 
policy assumptions. They are treated separately here, however, because of their 
importance in the current world food situation. - 

Assumptions about weather variability affect assumptions about stock levels, and 
vice versa. Assumptions about both affect the degree of price variability and, in 
turn, the projected levels of supply and trade. In general, less price variability 
occurs when growth in supply tends to be greater than growth in demand, resulting in 
a tendency to accumulate stock levels; the burdensome effect of the tendency to 
accumulate stocks, in turn, is mitigated by the frequency of droughts. Separate 
runs were jaade to study the relationship between short-term production shortfalls, 
longer term production levels, and stock levels. 



Policy Assumptions 



The production and trade policies of major food exporting and importing 
countries can have as much impact on future production and consumption patterns as 
can the interactions of economic variables. In the model, assumptions about 
government policies are included either explicitly In the mathematical formulations 
or Implicitly in the coefficients used In the equations. For example, equations for 
the European Community (EC), provide explicitly for Import levy variables. The 
equations for prbjecting grain area In the major grain exporting countries, on the 
other hand, have very responsive price coefficients to Implicitly reflect the 
capability of government programs to readily adjust area to changed supply and 
demand situations, 
i 

Two important considerations of the policies of major grain exporting countries 
are basic to the assumptions of this study. The first is price maintenance at 
reasonable levels. The second is market share maintenance. It is not always 
possible to achieve both of these objectives at the same time. During periods of 
heavy worid supplies, for example, prices cannot be maintained unless Importers as 
well as exporters curtail production. 

Fries stability in periods of short supply can only be achieved if stocks are 
available. It is assumed that the major exporters will maintain sufficient stocks 
and Implement production policies designed to maintain relative price stability in 
the longer run. In the shorter run, however, stocks would likely be kept below the 
levels needed to meet a series of successive production shortfalls similar to those 
of recent years. Implementation of such a policy could also be achieved through 
International cooperation. Thus, the meaning of the expression "continuation of 
policies" in the major exporting countries, such as the United States, is that they 
vill follow production policies to keep the world grain supply in relative balance 
rather than permit continual appearance of sizable surpluses and deficits. 
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U.S. policies are important in establishing world price levels of many 
consodltles. It la assumed that f.o.b. prices for these commodities in the United 
States and the appropriate c.i.f. prices abroad can be used aa indicators of world 
supply and demand conditions* 

An underlying feature of the import and domestic food production policies of 
major developed Importing countries Is that they attempt to at least maintain 
current self-sufficiency ratios. Japan would be a major exception, since, her self- 
eufflclency ratio seems destined to decline* For all other major developed 
Importing countries. It is assumed that recent food and fiber policies will be 
continued* Some modifications are provided for where it appeared that continuation 
of a particular policy would be untenable. Likewise, modifications, as well as the 
essentials of assumed food and fiber policies, can be different for the different 
alternatives. 

The European Community Is expected to continue its policy of enlargement. This 
means that the r untrles of the EC-3~the. United Kingdom, Ireland, and Denmark— will 
continue through a transition period to become fully integrated economically with 
the EC-6 continental countries—France, Germany, Italy, Belgium, Luxembourg, and the 
Netherlands* It was assumed that the EC will continue to use variable levies and 
export subsidies to control the flow of imports and exports* High import levies, of 
Course, limit trade, while low import levies Increase trade* Levy and subsidy 
levels, however, differ under each alternative in order to be consistent with the , 
food and fiber policy specified. It is also assumed that price policies of non-EC 
countries in Western Europe result in price levels similar to those in the 
Community. While Japan does not have specific import levies, its internal price and 
marketing structure Is such that the effect is the same. 

It Is assumed that the longrun level of trade with the USSR, China, and pastern 
Europe will be affected more by political factors than economic factors. The import 
policies of the centrally planned countries, particularly the USSR, will be 
i influenced considerably by overall trade relations with the United States, as well 
as with other exporters* Actual trade levels will also depend on the extent to 
which the United States and other exporters are willing to absorb year-to-year 
variability in Soviet grain production. 

Foot-and-mouth disease (hereafter called 'aftosa") will continue to strongly 
influence livestock trade patterns. Since livestock In both Europe and South 
America already have aftosa, it was assumed that trade in fresh and frozen meat 
between these two continents will continue* Livestock in Oceania and the United 
States dc not have aftosa, so it was assumed that these regions can export to the 
whole world, but will not import fresh or frozen meat from any of the aftosa areas. 
It was assumed that distances between Argentina and Europe are not too great to 
exclude trade in. fresh beef on refrigerated ships. 

Quotas on imports of beef into the United States were assumed to continue. If 
the projected imports obtained from the model are less than the quota, they become 
the imports* 

It is also assumed that dairy product imports will continue to be limited by 
quotas in most countries. Butter imports into the United States are excluded and 
some growth in cheese imports is permitted if needed. Because, of the continuation 
of health regulations and other policy and natural factors, fresh milk will not be 
traded. Primary adjustments in dairy markets between countries will take place in 
butter and cheese. It is assumed that prices of butter and cheese can be used as a 
barometer to measure degree of price pressures in the international dairy situation. 
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BASIS FOR EQUATIONS IN GOL MODEL 



Ihe " .nalytical Framework"^ section of this report refers to the formal 
mathematical model used to project key economic variables in the grain, oilseed, and 
livestock sectors of the world's agricultural economy for some future period. The 
model's mathematical relationships are specified so as to capture the interplay of 
production, consumption, trade, and prices of grains, , oilseed*, and livestock 
products. The equations appear in a separate volume reporting on the results of this 
research effort, ihe aconomic relationships underlying these equations are presented 
here. 



The Assumptions" section (see pp. 5 of the present report) discusses the usual 
assumptions concerning external variables, such as income and population, used to 
gene-ate the economic variables being projected by a formal mathematical model. 
Specifying the formal nature of a mathematical model is very similar to specifying 
the income assumptions. For example, using linear r*lationships~as has bisen done— 
to represent the Interplay of endogenous variables contained in the model does not 
give the same results as using nonlinear relationships. 

The coefficients in the equations quantify the forces assumed to exist between 
the different variables in t > grain-oilseed-livestock sector. However, the 
theoretical specification for a given variable is obscured by the units of 
measurement into which the full model is scaled. Therefore, to aid in interpreting 
the significance of the terms contained in the equations, tables in this section sh^ow 
the^ demand and supply elasticities^ growth rates, input-output rates, and the 
proportionality factors (expressed in rates and percentages independent of the units 
of measurement) used in the model. 

These tables take the following sequence: (1) Demand elasticities for meat, (2) 
demand elasticities for dairy products, (3) supply elasticities for meat, (4) supply 
elasticities for dairy products, (5) factors affecting use of grain as livestock 
feed, (6) factors affecting use of oilseed meal as livestock feed, (7) demand for 
grain in nonfeed use, and (8) area and yield elasticities for grain and oilseeds. 

The model could not be a product of a direct statistical fit because of its size. 
The coefficients represented by the elasticities shown in the tables either were 
synthesized from statistical analyses or were the judgment of experts. Some of the 
more important work leading to Lhe«e judgments will be discussed, as w£ll the 
rationale for developing coefficients for those areas in which direct analyses were 
not available. 



Consumption Levels, Income Response, and Economic Development 



Substantial differences exist in consumption patterns among nations. During the 
1969-71 base period, meat consumption varied from over 100 kilos in the United States 
and Australia to less than 10 kilos in some developing countries. Among the 
developed countries, per capita grain use wau 825 kilos in the United States, 422 
kilos in the EC-6, 408 in Other Western Europe, and 267 in J aP aiu In the developing 
world, per capita usage averaged only 178 kilos. 

Knowledge of why these differences exist and future expectations of the 
differences are important in feed-livestock projections. This study hypothesizes 
that these differences will gradually diminish, with the low per capitA use countries 
approaching levels of the high per capita use countries, but rot necessarily reaching 
the same high levels or exhibiting identical consumption patterns. 
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In the present study, the strength of the income response coefficients, while 
depending on statistical results where feasible, is conditioned by the stage of 
economic development of a given country or region and by . the likelihood of change in 
food consumption patterns. 

Only a few studies have attempted to comprehensively study income response in a 
coordinated way. FAO has taken leadership in conducting cross section studies, using 
food*. surveys from different parts of the world (607) (610). FAO has used these 
results to build a set of estimated income elasticities for most countries of the 
world as a basis for its commodity projections work (603) (605). A few other studies 
involving mathematical models for trade in agricultural commodities also have been 
based on synthesized, integrated sets of income elasticities (1000) (1010) (1011) 
(1012) (1015) (1032) (1065) (1068). The income elasticities in the GOL model are 
also a synthesis of available information. 

In general, at low levels of income, food consumption is expected to increase 
substantially with increases in income; but as income continues to rise the food 
consumption response weakens. At high levels of income, the added income expended 
for some food groups may taper off and even, become negative. .At low levels of 
income, diets are generally based on a few staple crops. Added income generally 
translates almost directly to consuming more of the same staples th*n to diversifying 
consumption with other, products. But as income continues to rise, the income 
elasticity of grain foiv food begins to decline as diets become diversified from a 
cereals base to a wider grain-carbohydrate base and ultimately to a cereals- 
carbohydrate-livestock product base. A shift may also occur within the grains group, 
generally in the direction of wheat and rice at the expense of coarse grains. At 
appreciably higher levels of income, income elasticities for food grains fall off and 
eventually become negative as staples are replaced by a wide range of higher-price 
consumer preference products. This shifting pattern of consumption over time can ■ 
also be viewed as part of a sequence of economic development from a single pasToral 
economy to a highly integrated, trade-oriented, commercial agricultural economy. An 
ERS study by Regier (158) demonstrated that income is a good indicator of the overall 
pattern of food consumption at different stages of economic development. 

With respect to demand for grain for food, each stage of development can be 
observed throughout the world. Most oC the developing countries— particularly South 
Asia, Central Africa, and the poorer parts of East Asia—fall into the category of 
relatively high, positive income elasticities. Results of studies on India (418) 
Pakistan <40l), the Philippines (425), Bangladesh (401), and other countries (131) 
(407) (431), while varying somewhat as to statistical bases, indicate that th*e 
developing countries have positive income elasticities of demand ranging from .3 to 
•9 for wheat and rice, and from .2 to .5 for less preferred coarse grains. The 
income elasticities used in the GOL model for these developing countries fall within 
these ranges. Many countries in Latin America and the Middle East fall into a 
second category, characterized by moderately high income elasticities of demand of 
around .1 to around .3 for wheat, with coarse grains near the bottom of this ranee 
(402) (406) (410) (411) (413) (420) (426) (429). Many of the lower income developed 
Countries and the developing exporting countries fall into a third category, 
categorized by very low, positive or possibly negative income elasticities in the 
range of +.1 to -.1 (127) (130) (137) (148) (412) (419) (421) (424). On the other 
hand, in a few of the developed countries, including the United States and some 
countries in Western Europe, the income elasticities for grains for food tend to be 
negative (149) (400) (404) (405) (414) (415) (422) (423) (427). 

A number of factors, independent of income, can accelerate or decelerate changes 
in a country's elasticities. A country's present or traditional position as a 
surplus producer exporting grain or as a, deficit producer depending on imported 
grain is the most obvious of the factors seeding up or sloping down income 
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elasticity changes. Lncome elasticities of demand have moved further and faster 
along the hypothetical function described above in the case of the major exporters, 
particularly the United States, Canada, and Argentina, in earlier years and Thailand 
in recent years. The introduction of new grains or the introduction of new grain 
products can also keep elasticities higher than income levels alone would suggest. 
Such has been the case with wheat and wheat products in much of East Asia and to a 
lesser extent with coarse grain and coarse grain food products in parts of the 
United States and Western Europe. 

In the COL model, the income response to demand for grain for feed is considered 
differently for countries with fully developed livestock economies than it is for 
countries which are beginning to develop a livestock sector. In the former, Income 
response coefficients appear explicitly in the meat and dairy product demand 
functions. Thus, in this case, consumption of feed grains and oilcake is a function 
of livestock output and the income effects are imputed through the feed input- 
livestock output ratios discussed below* 

Two approaches are used for countries in which a livestock sector is not 
specified. If the livestock sector is not *~p^rtant, only a demand function for 
total coarse grains is specified. However, for areas where significant livestock 
growth is expected, a separate function for coarse grains used for feed is specified 
with higher income elasticities than those in the grain-f or-f ood equation. 

The same studies that provided income elasticities for grains were also useful 
for estimating income elasticities for meat and dairy products.^ In addition, 
econometric studies treating income, price, and other effects jointly were used and 
are identified below in relation to price elasticities. Income elasticities used in 
this .study vary widely among regions, and within a region they vary among the 
different meat and dairy products. *or the United States, there may still be room 
for further expansion of meat consumption, but the income effect is expected to 
taper off with continued income growth. Meat consumption is also at comparably high 
levels in Australia, a major exporter of beef and mutton, even though income levels 
are much lower than in the United States. Argentina, a major exporter of beef and 
mutton, also has high beef consumption, levels, even though income levels are much 
lower than in the United States. For 5 Argentina, the income -coefficient is assumed 
to be .3. The income elasticities used for the EC-3, the EC-6, and Other Western 
, Europe are higher than those used for the United States* because of the lower 
consumption and income levels. Because meat consumption in Japan is still quite low 
in relation to the income level, the income elasticity exceeds unity. The study 
assumes that Japan will eventually attain the consumption levels of the United 
States and that national policy may be an important determinant as to their , 
consumption levels. 



Demand-Price Elasticities for Meat 

© 

The price-demand elasticities used in the GOL model rely heavily on the 
econometric studies cited below for the United States, Canada, the United Kingdom, 
France, Germany, Australia, and Argentina. The analyses in these studies, in 
general, are based on time series (historical) data, though cross section analysis 
is used for some countries f notably France, Japan, and the United Kingdom). 
Summarie of the elastic!' obtained from these studies are summarized in Regier 
(157) and tt^lke (147). 

The Brandow study (1015) and a demand study by George and King (1032) present 
tables of direct and cross price elasticities for the mid-1950's and the mid-1960 , s, 
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respectively. These interrelated price and income elasticities are subject to 
certain imposed consistency conditions of homogeneity and symmetry (see Frisch for 

2S! ! e y I' 11,6 direct and cro8S P rice elasticities shovm in table 29 for th" 
United States reflect these elasticities. 

The demand-price elasticities synthesized for the EC-6 are based heavily^ o i 
demand analysis in^studies for Germany by Langen (1051), Stamer and Wolff res. (1066), 
and Plate (1059); for France by CREDOC (AOA) and INSEE (1028); for bo'Ii these 
aountrie, by Kost (1A2); and for total meat demand for che zhUis a whole by Regier 

F ° r year8> the United Kin « do » has conducted annual household food 

surveys (1089) and has published demand elasticity messures as a result of this 
work. Time series analysis has also been done based on the surveys. ' Ferris 
lll ^l U n « 0t 5 erS f tt " hi 8 an 5'-ate (301) also calculated demand elasticities for 
£M2 t 8 *? 8 ° mCWhat d5fferent values for roughly the same time 

periods. Jones (422) developed a 39x39 matrix of demand elasticities for the United 
Kingdom. The elasticities used in (he GOL model are closer to those reported in the 
U.K. study. x v 

For Japan, three stadies are. important. Japan's Ministry of Agriculture has 
l~Jlll f demand analyses based on household budget surveys and has published demand 
It A<ll from K bo ^ h ," 0 ^ ■eccxoaa? and time series analyses (10A5). The other two 
studies are by Fxlippello. The - st study (1026) is an econometric analysis of the 
feed-livestock sector while th. -ecord (127) uses the statistical results of the 
first study to determine a consistent matrix of elasticities. 

H^o^TT 1 ll m l ty 8 5 ud , ie8 » cited elsewhere in this volume, have been useful in 
determining the demand elasticities for the other countries that have a modeled 
livestock sector. The more detailed work for the countries discussed above helps to 
2?\,fS 8aPS ^ ±Tical work » Particularly the cross substitution effects among 

iS™ S'jLr"'?*, ^ analy8lS ° f denBnd elascici ties for other Western 

Europe has oeen modeled -after those determined for the EC-6. Canada has been 
patterned to some extent after the United States. 

Australia-New Zealand, Argentina, Brazil, and Mexico-Central Amer - -re the 
other regions in the GOL model containing e , cit livestock sectors." Demand-p.ice 
(direct .and cross) elasticities tend to be higher in the countries' with the most 
developed livestock and marketing systems because of the availability of supply and 
choices open to the consumer. v 1 



Demand-Price Elasticities for Dairy Product s 

ISVJ 1 ? b6en 130(1616(1 ° nly for the United St ate8, Canada tie EC-3, 

the EC-6, other Western Europe, Japan, end Australia-New Zealand (table 30). Many 
of the econometric studies cited above also contained pri ce elasticity information 
" e dai * v aect0T > as they dealt with the whole livestock sector. The Biandow 
rl^ilf ^T 86 !S !f in8 ( 1032 ). 8 tudies estimated a demand matrix for a group of 
commodities. In addition to the studies cited for Germany, a study by Hesse (J038) 
was directly concerned with demand elasticities for milk and milk products. 

Measuring consumers' price response to fluid milk and milk products has a very 
long history, mostly because the milk industry w«s one of the first to be regulated. 

Z 5 y B Ha i be y 8 , a ? d Fall6rt (1 ° 3A) » Prat < 1060 >. Wilson and Thompson (1087), 
and Boehm and Bohb (1013) confirms earlier studies ttu -. the demand for n.ilk is 
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Table 29— Demand elasticities for meat 
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Table 30 — Demand elasticities for dairy products 



item 


Elasticity with respect 


to price of 


: Income 
: elasticity 
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Milk, fluid 
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.1 
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-.4 
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-.1 
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-.3 
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inelastic. There appears to be a general agreement that the demand-price 
elasticity is in the neighborhood of -.2 fo; fluid milk. The values used In the GOL 
model for all areas except Japan approximate the historical value' (table 30). A 
considerably higher elasticity is used for Japan because of the still low per capita 
consumption. The demand-prl^e elasticity for cheese ranges between -.5 and -.6 and 
much higher in Japan for the same reasons cited above. The price elasticity for 
butter varies from -.4 to -.7. Higher elastici\es for butter were used for regions 
where margarine is substitutable because of availability, as in the United States. 
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Supply-Price Elasticities for Livestock, Meat, and Dairy Products 

A complete study of the supply side of the livestock sector would include the 
study of factors affecting livestock numbers, slaughter numbers, slaughter weight or 
yield, and production. It would include a study of cycles, mostly for beef cattle 
and to a lesser extent for hogs. However, the present study projects only 
equilibrium values at some future time period and abstracts from cycles and explicit 
projections of the herd. As presently modeled, supply relations in the GOL 
livestock sector are based on direct and cross price elasticities for livestock 
commodities or products, and on a set of supply shift variables which reflect long- 
term growth factors. 

Considerable work on supply response has been done on products competing for 
some fixed bundle of resources. Most of these studies have been confined to 
activity analysis. Supply response coefficients derived from such programming 
models, while very informative, seldom can be used directly in a projections model 
such as GOL, vhich essentially is a behavioral model. Results from regression type 
analyses are more compatible for developing direct and cross supply response 
coefficients. 

While many regression studies appear to report statistically significant results 
for direct supply-price elasticities, most studies have difficulty in determining 
the cross price effects. For this reason, the sets of direct and cross supply-price 
elasticities u^d for tnany of the model's regions are based on judgment. Some of 
these coefficients are tentative and will be improved over time. 

Results obtained from regression analyses by Johnson (139) and Regier (155) for 
the meat sector, and by Halberg and Fallert (1034) for the dairy sector were helpful 
for assessing the supply response for the United States and the Evropean Community. 
ERS also conducted feed-livestock studies for Canada (148), Argentina (1037), 
Australia (130), and New Zealand (105) in the early 1970's that concentrated'on the 
supply side (tables 31-32). 

Recent results indicate that the supply response of irilk production to milk 
price still remains relatively low— the supply-price elasticity is in the 
n ighborhood of .2 (see Halberg and Falbert (1034). The GOL model used an 
elasticity of .15. As expected, the studies of the meat sector also showed that the 
price-supply response for beef was the lowest, for perk more responsive, and for 
poultry the most responsive. Major adjustments in beef cattle operations take 
several years from the time of initial decision compared with major adjustments that 
can take place within a single year for a poultry operation. The price-supply 
response appears to be between .3 and .4 for beef, around .6 to .7 for pork, and 
somewhat higher for poultry. 



Feed Demand Equations 

y 

The crop and livestock sectors of the GOL model are linked via two sets of feed 
demand equations— one for grain and one for oilsepd meal. Each equation has three 
components: (1) input-output coefficients defined in physica* terms which relate 
quantities of grain or meal used as feed to quantities of livestock products 
produced, (2) direct and cross price elasticities which affect feeding rates with 
changing prices, and (3) long-term growth factors reflecting changes in basic 
feeding patterns. 
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Table 31 —Supply elasticities for neat 



I tea 
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to price of 
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Table 32— Supply elasticities for dairy products 



Item 


Elasticity with respect to price 




j Elasticity of 
\ joint output 
[ with. beef 


Milk 


: Butter : Cheese 


' Corn 


[Oilcake 


United States: 
Milk, total 
Cheese 


: .4 


-.6 .6 


-.3 


-.2 




Canada : 

Milk, total 

Cheese : 


.30 


-.6 .6 


-.40 


-.20 




EC-6: ! 
Milk, total 
Cheese : 


.35 


.4 


-.5 


I 


.5 


EC-3: j 
Milk, total 
Cheese 


.35 


.4 


-.2 






Other Western Europe: 
Milk, total 
Cheese 


.3 


. 5 


-.35 


-.1 




Japan: 

Milk, total 
Cheese 


.8 




T.25 


-.3 




Oceania: 
Milk, total 
Cheese 


.4 


-1.0 ♦ 1.0 


-.2 







The Input-output coefficients computed for the 1969-71 bass period reflect full 
utilisation and distribution of grains and oilseed meals among livestock products. 
Studies by Allen (200) 9 the National Academy of Sclencea (500-504), 0ECD (803-804), 
and jfaightmsn (505-509) on feed use provided bases for the budgeting process. The 
input-output coefficients are ahovn in table 33 for grain and in table 34 for 
oilseed maal. 

Results from regression analyses for the United States by Ahalt and Egbert 
(103), and Womack (1088) and for the EC-6 by Regier (157) form the basis for 
estimating price coefficients used in the G0L model. Results of the U.S. and EC-6 
studies are similar. For example, in both cases, the demand elasticity for i.eed 
grain with respect to grain prices is around -0.4 to -0.5 and about 0.1 with respect 
to meal prices. Because oilcake forms a much smaller proportion of total feed than 
grains, the price elasticities for meal with respect to prices of grain and oilcake 
are much higher. 

Expected growth in input-output rates not explicitly accounted for by the first 
two components discussed above are introduced as an explicit growth factor. For 
those regions in which feed demand equations are not directly related to livestock 
production, an Income variable is used to reflect growth in demand for livestock 
products. The Income elasticities resemble those associated with direct demand for 
meat. 
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Table 33— Fee ton effecting use of grain aa llvaatock faad 



Explanatory factora 


: — r~~ 

: United : 
States 


Canada EC-6 


EC-3 
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Western * Japan 
Europe \ 






Kt. train uae per ka. 


product 




Input-output rates: 
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: S.43 
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.25 
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.25 
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3.10 
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.28 .20 
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Kg. grain uae per ka. 


product 




Input-output ratea: 
Beef, finished 
Beef, other 
Pork 
Pou 1 try 

Lamb and Button 

Milk 

Egga 


.30 
3.40 
3.00 

.12 
3.00 


2.80 
4.6U 
3.00 

.30 
(3.10) 


3.00 
5.00 
3.50 

.30 
3.50 


.30 

2.0 3.00 
1.0 




Percentate 


chant e in train uae per 


unit percent price chanae 


Price elasticities: 

Beef, finished : 
Beef, other 

Pork : 
Corn : 
Oilseed cake : 


.30 
-.30 


.25 

-.30 -.25 




.20 
-.20 




Percentage 


change In train use per 


unit percent income chanae 


Incoae elasticity: 

Incoae per csplts : 




.25 




.10 
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Table 33— Factor* affecting use of grain as livestock feed —Continued 



Explanatory factors 


! ] ! Other ! N. Africa- In. Afrlca- 
J Argentina \ Brazil [ Venezuela J South .Middle East. 'Middle East 
: : : . America high low 




» K&- grain use per kg. product 


Imput- output rates: 
/'beef, finished 

Beef, other 

Pork 

Poultry 

Lamb and mutton 

Milk 

Eggs 

Price elasticities: 
Beef, finished 
Beef, other 
Pork 
Corn 

Oilseed cake 


! .50 1.50 
: 3.60 3.60 

: Percentage change *n grain use per unit percent price change 
: .30 .30 

: -.30 -.AO -.30 -.AO -.30 -.15 
: .10 


Income elasticity: 
Income per capita 


5 Percentage change In grain use per unit percent income change 
* .20 .20 .20 .20 .30 .10 




: Ea*t : Central ; : Other : . Other 

: Africa : Africa : India . South : Thailand ; Southeast 

: : : : Asia ; : Asia 




5 Kg. grain use per kg. product 


Input-output rates: 
Beef, finished 
Beef, other 
Pork 
Poultry 

Lamb and mutton 

H' 1 k 

Eggs 


I (.05) 

Percentage change in grain use per unit percent price change 


Price elasticities: 
Beef, finished 
Beef, other 
Pork 

Oilseed cake 


-.30 -.40 -.20 -.1 -.3 
Percentage change In grain use per unit percent income change 


Income elasticity: 

Income per capita : 


.20 .15 .40 .20 .1 .2 
Grain use as a proportion of commodity supply 


Market shares: 

Commodity supply feed grain 


.15 

Continued — 
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Table 33— Factors affecting use of grain as livestock feed — Continued 



Explanatory factors 


: East : East 
Indonesia , . A 

Asia : Asia : 

: hlah : low 


Rest 
of 
world 




Kg. grain use per kg. product 




Input-output rates: 
Beef, finished 
Beef, other 
Pork 
Poultry 

Lamb and mutton 

Milk 

Eftgs 


Percentage change In ^rain use per unit percent 


price change 


Pr i C« Hiatal t i d t i PM * 

Beef, finished 
Beef, other 
Pork 
Com 

Oilseed cake 


-.30 -.50 -.30 
Percentage change in grain use per unit percent 


Income change 


Income elasticity: 
Income per ca t Its 


.30 .40 .20 




4arket shares: 
Commodity supply feed grain 
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Table 34 — Factoi ■ affecting use of oilseed meal as livestock feed 



Explanatory factors 


United 
States 


Canada EC- 6 


; EC- 3 


. Other 
Western 

. Europe 


Japan 






Kg. ollmeal use 


per kg. product 




Input-output rates: 












Beef, finished 


.25 










Reef, other 


.44 


.10 .16 


.12 


.15 


.50 


Pork 


.45 


.35 .67 


.55 


.65 


1.40 


Poultry 


: .87 


.60 1.18 


1.05 


1.16 


1.20 


Lamb and mutton 


: 1. 72 










Milk 


.033 


.03 .033 


.025 


.028 


.08 


Eggs 


.47 


.35 .71 


.60 




.70 




i Percentage change In oilmeaJ 


use ier 


unit _percent 


price change 



Price elasticities : 
Beef, finished 
Beef, other 
Pork 
Corn 

Oilseed cake 



Income elasticity: 
Income per capita 



Input-output rates: 
Beef, finished 
Beef, other 
Pork 
Poultry 

Lamb and mutton 

Milk 

Eggs 



Price elasticities: 
Beef, finished 
Beef, other 
Pork 
Corn 

Oilseed cake 



Income elasticity: 
Income per capita. 



Market shares: 

Commodity demand feed grain 



-.10 
.23 

.27 .90 
1.00 2.50 
-.53 -.98 



1.20 
.90 
-.25 



1.80 
1.00 
-.37 



1.00 
1.20 
-.20 



1.20 
1.50 
-.30 



Percentage change In ollmeal use per unit percent income change 



. Australia . South : 


Eastern 


Soviet 


: : Mexico 


New . Africa 


Europe : 


Union 


China . Central 


. Zealand . 






: America 


* Kg. ollmeal 


use per kg. 


product 






.40 


.40 


.40 




.50 


.50 


.50 




.01 


.01 






.13 


.40 




: Percentage chai 


ifie in ollmeal use per 


unit percent price change 



-.30 



.20 
-.20 



Percent age^change In ollmeal use per unit percent income change 

Ollmeal use as a proportion of commodity demand 
■19 .32 

Continued — 
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Table 34— factory affecting use of oilseed seal as livestock feed— Continued 



Explanatory factors 



Input-output rates: 
Beef, finished 
Beef, other 
Pork 
Poultry 

Lamb and mutton 

Milk 

Eggs 



Price elastlcltes: 
Beef, finished 
Beef, other 
Pork. 
Corn 

Oilseed cake 



Income elasticity: 
Income per capita 



Market shares: 



Input-output rates: 
Beef, finished 
Beef, other 
Pork 
Poultry 

Lamb and mutton 

Milk 

Eggs 



Price elasticities: 
Beef, finished 
2sef, other 
Pork. 
Corn 

Oilseed cake 



Income elasticity: 
Income per capita 



Argentina 



Brazil 



Venezuela 



Other 
South 
America 



N. Africa- 
Middle East 
High 



N. Africa- 
Middle East 

Low 



Kg. ollmeal use per kg. product 



Percentage change lc ollmeal use per unit percent price change 



.50 -.AO -.30 

Percent age change In ollmeal use per unit percent Income change 



ollaeal use as a proportion of commodity supply 



feed grain 


s .047 .064 


.21 


.30 




East Central : 
s Africa : Africa : IndU 


Other 
South 
Asia 


Other 

: Thalland . Southeast 
Asia 




: Kg^ ollmeal use per kg 


product 






(.10) 


r 






Percentage change in ollmeal use 


per unit 


percent price change 



-.20 



Percentag e change in ollneaX use per unit percent income change 



231 



.10 



Continued — 
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Tsbl* 34 — Factor* affecting ise of oilseed teal aa livestock feed— Continued 



Explanatory factora 


Indonesls 


Esst East Rest 
Asls Asls of 

High : Low : World 






Kg. ollmesl use per kg. product 


Input-output ratea: 
Mil) nnisnea 
Beef, other 
Pork 
Poultry 

Laab and Button 

Milk 

Kgga 




in nilmffal na« n»r iini f oercent orlce chantie 


Price elaatlcltles: 
Beef, finished 
Beef, other 
Pork 
Corn 

Oilseed cake 


: -.20 

Percentage change 


-.30 

In ollmesl use per unit percent Income change 


Income elasticity: 
Incoae per capita 


: .30 


.30 
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Demand-Price Elasticities for Grain for Food 

TVo general tendencies can Identified concerning the demand-price 
elasticities for grain consumed directly for food. The first Is that demand price 
elasticities tend to be higher In low Income countries having primarily cereal diets 
than In high income countries with more diversified diets. The second tendency is 
that the demand price elasticity for grain consumed as food is lower than the demand 
elasticity for grain as feed, both within single countries and across country 
groupings. These inferences can be drawn from summaries of demand elasticities 
presented in Rojko, Urban, and Naive (167), Hutchinson (136), Keefer O40), and in a 
cross section world study by Regier (154) (table 35), 

The demand response to price changes in the developing countries is appreciably 
stronger than in the developed countries. This results at least in part because the 
budget effect of comparable price changes is greater when incomes are low and a 
large proportion of the budget is spent on food. Furthermore, in some developing 
countries, grain accounts for as much as 60-70 percent of total food expenditures, 
consequently, the highest price elasticities, or the strongest responses to price 
changes, would be found in the lowet income, less developed, importing countries 
consuming the bulk of their grain directly as food rather than indirectly as 
livestock products. South Asia and parts of East Asia fall into this category. In 
contrast, the more food demand-price inelastic regions— that is, the least food 
demand-price responsive of the regions treated in the GOL model— include the highest 
income, grain-feeding, developed exporting countries such as the United States 
Canada, and Oceania. * 



Supply Elasticities for Grains and Oilseeds 

The GOL model f s grain production functions are basically generated through three 
sets of equations. The first set is an equation for each region that generates the 
total area used in grains and oilseeds. The second set of equations generates area 
used specifically In the production of wheat, coarse grains, rice, and oilseeds. 
Ihe third set of equations introduces a yield variable to generate production for 
wheat, coarse grains, rice, and oilseeds. The area equations for the individual 
crops are constrained by the total area projected from the first set of equations. 
Area assigned to the individual crops depends on relative prices of these crops and 
basic long-term shifts that are projected to occur among the crops. The production 
equation basically reflects both area and yield effects in the projection period. 5/ 
This is accomplished by incorporating the projected area as a variable in the " 
production equation for combination with yield variables. The production equations 
also contain variables to reflect changes in production due to yield. These yield 
factors include relative price, some trend values reflecting yield growth changes 
due to changes in technology, and a shift variable to reflect different levels of 
input activity. For the developed world, input activity is represented by a cost 
index variable. For the developing world, a physical input use bundle is used as a 
variable to indicate input intensity. Specifically, different levels of production 
may be generated by varying this input bundle of resources (table 36). 

J5/ Ideally, area and yield equations should be generated separately and the 
estimates from them multiplied to obtain total production. Because our model does 
not allow for nonlinear relationships, it was essential to achieve equivalent 
results through use of additive functions. 
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Table 35— Fact or a a£ feet in* nonfead uae of grains and oilseeds 1/ 



Item 


Elasticity with respect 


to price of : 


Income \ 
elasticity; 


Annual demand trend 2 / 


Wheat 


: Rice : 


Coarse : 
grains 


Percent of 
Ouantitv ' 1960-71 base 












1,000 

metric tons Percent 


United' States: 
Wheat 
Rice 

Coarse grains 
Oilsaeds 


-.2 


-.2 


-.2 


.2 




Canada: 
Wheat 
nice 

Coarse grains 
Oilsaeds 


-.05 
.05 


-.3 


.03 

- in 

— • l" 


-.25 
.15 




FC-6: 
Wheat 

coarse grains 
Allseeds 


-.2 


-.3 


o 
. 1 


-.1 
. 2 




EC-3: 
Wheat 
nice 

Coarsa grains 
Oiljoeds 


-.1 


-.3 


-.15 


-.03 
.2 
.05 




Other Eastern Europe: 
Wheat 
Rice 

Coarsa f rains 
Oilseeds 


-.25 
.2 
.15 


-.3 


.1 

- , 35 


-.05 
.2 
.10 




Japan: 
Wheat 
Rice 

Coarse grains 

Oilseeds 3/ 

i — 


, - .^J 
: * 10 


. l 
-.15 


-.25 
-.1 


.2 
-.20 
.2 
.8 


50 .99 


Australia & Hew Zealand: 
Wheat 
Rice 

Coarae grains 
Oilseeds 




-.1 


-.15 


-.25 
.1 
-.2 




South Africa: 
Wheat 
Rice 

Coarse grains 
Oilseeds 


-is 

i -is 

.03 


(-.3) 


.10 
-.08 


.1 
.1 

-.05 




Mexico 4 Cantral America 
Wheat 
nice 

Coarse grains 
Oilseeds 


-.35 

; .2 
: .05 


.10 
-.4 


.15 
.05 

-.? 


.35 
.35 
.1 




Argentina: 

tiheat 
Rice 

Coarse grains 
Oilsaeds, 


: -.1 
.05 
.05 


-.2 


.05 
-.1 


-.1 
.15 
-.25 





S.« footnotes at and of tabla. Continued-- 



9 

ERIC 



WORLD OOL MODEL ANALYTICAL REPORT 



255 



Table 35 —Factors affecting nonfced use of grains and oilae#ds If —Continued 



I ten 


niastlclty with resnect to price of 


Income 
elasticity 


Annual demend trend 2/ 


Wheat Rice 


Coarse 
grains 


Ouan . ty 


Percent of 
D69-71 base 




l.oon 

Die trie tons Percent 



Brazil: 
Wheat 
Rice 

Coarse grain* 
Oilseeds 

Venezuela : 
Wheat 
Hlce 

Coarse grains 
Oilseeds 

Other South Anerlca: 
Wheat 
Rice 

Coarse jrraln* 
oilseeds 

North Africa/Middle 
East—High: 
Wheat 
Rice 

Coarse grains 
Oilseeds 

Worth Africa/Middle 
East — Low: 
Wheat 
Rice 

Coarse grains 
Oilseeds 

East Africa: 
Wheat 

Rice 

Coarse grains 
Oilseeds 

Central Africa 
Wheat 
Rice 

Coarse grains 
Oilseeds 

India: 
Wheat 
Rice- 
Coarse grains 
Oilseeds 

Other So :th Asia: 
Wheat 
Rice 

Coarse grains 
Oilseeds 

Thailand: 
Wheat 
Rice 

Coarse grains 
Oilseed* 



.25 
.2 
.05 



-.3 

.2 
.15 



.25 
.2 
.2 



.75 

.18 
.2 



.35 
.15 
.15 



-.3 



.02 



10 
.05 



A 
-.1 



.03 
-.3 
.1 



. c5 
.25 
.1 



.05 
.25 

.01 



.2 
-.05 
.2 



.10 
.02 
.15 



.1 

.25 

.15 
.35 



.02 
.04 

-.2 



.10 
.10 
.25 



.15 
.15 
.05 




.25 
.15 

.: 



.35 
.15 

.15 



.3 
.35 

.15 



.2' 
.3 
.15 



.05 
.2 
.1 



.35 
3 
.1 



.01 
-.1 



20 



3.54 



-210 



.86 



\See footnotes at end of table. 
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Table 35— Factors affecting nonfeed use of grains and oilseeds l/~ Continued 



Item 


Tlasticltv wlt^ 


resnect 


to price of 


Income • 


Annual demand 


trend 2/ 




U'heat : 


Sice 


'. Coarse 
grains 


elasticity : 


Quantity : 


Pe r cent of 
1969-71 base 


<t 

Other Southeast Asia: 
Wheat 
Rice 

Coarse grains 
Oilseeds 


: -.1 
" .01 


.15 

-,05 




.2 
.1 
.15 


l.ono 
metric ton* 


Percent 


Indonesia: 
Wheat 

Rice 

Coarse grains 
Ollseads 


-.6 
.04 
.03 


1.0 
-.25 

. J 


.4 
.03 
- . 3 


.55 
.45 
.3 


5 
50 


.94 
2.09 


East Asia— High: 
Wheat 
Rice 

Coarse grains 
Oilseeds 


-•3 
.15 
.1 


. 2 
-.3 
. 2 


.0^ 
.05 
-.3 


.10 
.05 
.05 







2 

.05 
-.25 



.35 
.2 
.2 



£ast Asia — Low: 
Wheat (-.35) (.15) 

Rice : C05) (-.2?) 

Coarse grains (.0^) (.15) 

Oilseeds 

T7 fncTudinp, food" use of~soy beans IrTthe casa of Jan ah tT" 7 :T — 

«»d. prices; the , e„ce of P L nth eses indites de^d prices P " e " theBe8 '» th « 'able '"dicte. 

2/ Trend In demanu Independent of any price effect 
.JL~* » "•»• •»■» i. » .lWIMt, „»b „«,.« ■„ a, p,i« „, 
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Table 36 — Factors affecting the supply of grain* snd oilseeds V 



I ten 


Ares 

elestlclty vith resnect to 


price of : 


Si.-:* 


Yield 

Icltv with resnect to 


nrlce of 


Wheat : Rice 


: Cosrse 
: grelns 


: 01?seed* : 


Wheat 


•> Rice : Cosrse : 
• : grelns • 


Oilseeds 


United Ststes: 
Wheat 
Rice 

Coarae grains 
Oilseeds 


( 2.5) 
: (.8) 
(-.83) 
(~.7B) 


(-1.84) 

(a. 3) 
(-3.60) 


(-.69) 

(-1.00) 
(3.25) 


(.05) 


(.10) 

(.10) 


(.02) 


Csnsda : 
Wheat 

Rlc^ 

Coarae grelns 
Oilseeds 


: .5 

-.55 
-.16 


-.40 

.55 
-.24 


-.15 
1.0 


.15 


.15 


.20 


EC-6: 
Wheat 
Rlct 

Coarse grelns 
Oilseeds 


.7 

.20 

-.61 


-.70 
.bl 




.25 


.20 

.30 




EC-3: 
Wheat 
Rice 

Coarse grains 
Oilseeds 


.65 
-.161 


-.55 
.147 




.2 


.2 


.02 


Other Western Europe: 
Wheat 
Rice 

Cosrse grelns 
Oilseeds 


.25 

.15 

-.185 


-.25 
.185 


.10 
.10 


.25 


.15 

.30 


.10 


Japan: 
Wheat 
Rice 

Coarae grains 
Oilseeds 


.012 
-.2 




-.02 
.28 


.30 


.15 

.25 


.15 


Auatrslls & New Zealand: 
Wheat 
Rice 

Coarae grains 
Oilseeds 


.4 

.10 

-.75 


-.35 
.66 


.30 


.15 


.1 

.15 


.15 


South Africa: 
Wheat 
Rice 

Coarse grains 
Ollaeedf 


.3 


(.30) 


(-.3) 


.-5 


(.30) 


(.10) 


Mexico & Centrsl America 
Wheat 
Rice 

Coarse grains 
Oilseeds 


.45 

.15 

-.02 
-.21 


-.25 

»04 
-.46 


-.07 

-.02 
.50 


.20 


.10 

.07 


.05 


Argentine: 
Wheat 
Rice 

Cosrse "rslns 
011see4«L 


.4 

.25 

-.21 
-.15 


- .31 

.1 

-.30 


-.15 
.45 


.10 


.30 

.15 


.10 




?ootfT?es et end of "eble. 



Continued— 



e 

ERIC 



238 



THE FOOD SECTOR 



Table 36— Factors affecting the supply of grains and ollsaads 1/ —Continued 



I tan 


Araa 

elasticity with respect to prlca of 


Yield 

elasticity with respect to prlca of 


: Wheat : Rice 8 Coarse : 0 ii» W ds 
: grains 


Wheat Rice • Coarse ; 0 iissads 
: train* * 







Brazil: 
Wheat 
Rice 

Coarse grains 
Oilseeds 

Venezuela : 
Wheat 
Rice 

Cotrae grains 
Oilseeds 

Other South America: 
Wheat 
Rice 

Coarse grains 
Oilseeds 

North Africa/Middle 
Eaet- fligh: 
Wheat 
Rice 

Coarse grains 
Oilseeds 

North Africa/Middle 
East— Low: 
Wheat 
Rice 

Cotree gralne 
Oilseeds 

East Africa: 
Wheat 
Rice 

Coarse grains 
Olieeeds 

Central Africa 
Wheat 

Rlc* 

Coatse grains 
OHeeede 

India: 
Wheat 
Rice 

Coaree gralne 
Oilseeds 

Other South Aala: 
Wheat 
Rice 

Coerse grslns 
Oilseeds 

Thailand: 
Wheat 
Rice 

Coarse gralne 
Oilseeds 



.7 
.12 



.2 
.10 



.1 

.20 
.25 



.15 

.02 
.20 



.10 



.30 
,05 
,05 
.055 



.1 
-.015 
.25 



.50 
.10 



.15 



.03 
.50 



(.30) 



.20 



-.20 
.25 
-.10 
-.09 



.05 
.025 



.05 



-,70 
10 
.3 
-1.10 



.756 
.15 



.05 
.07 
.05 
.08 



-.03 
.09 

-.06 
.07 



.15 



.05 



.12 

.10 
.17 

.12 



.02 
.07 



-.20 
1.6 



.10 



-.03 
.20 



.10 



.15 



.15 



.05 



.10 



.05 



.062 
.20 



.08 



.05 



.15 



(.20) 



.15 



.20 



.07 



.03 



.10 



,08 



.15 



.05 



.05 



.10 



.05 



.05 



.10 



.04 



.02 



.15 



Sse footnote st and of table. 
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TaMe 36— Factor* sffecMnr the sunnlv of prslns and oilseeds V — Continued 



It 0m 


Area 

elasticity with resnect to pric** of 
Wheat Flee : Coarse .oilseeds 
: : grains 


: " YteJ 1 

elasticity t-ith resnecr to price of 
Wheat "Ice : hoarse : Oilseeds 
: grains : 


Other Southeast Asia: 
Wheat 
Rice 

Coarse f rain* 
Oilseeds 




.10 






.10 

(.20) 


Indonesia: 
Wheat 
nice 

Coarse grains 
Oilseeds 


i 


a 


-.03 
.14 
-.15 


-.10 
.30 


.10 

.05 

.02 


East Asi»--Hlfth 
Wheat 
Rica 

Coarse grains 
Oilseeds 


.15 
-.02 


• 19 
-.25 
-.26 


-.10 
.3 
-.19 


* 

-.01 
-.10 
.25 


.20 

.15 

.02 


Fast Asia — Low 
Wheat r 

Rice * 
Coarse trains j 
Oilseeds J 




.06 
-.10 


-.06 
.1 




.08 

.05 

(.0?) 



•upply prlc««. 
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The elasticities used in the equations are shown in table 36 and were derived 
from published and unpublished USDA studies or from studies outside the U!3DA. Only 
three studies are cited here because each contains summaries of supply response 

(1008"' 111686 8tUdleS by R ° Jk0 ' Urban ' and Nalve (167) » FA0 C 60? ). and Behrmsn 

While the assumption that production in the developed countries is c-ice 
responsive is generally unchallenged, some question might be raised as to the 
applicability of price analysis in the study of developing countries. The GOL model 
assumes that farmers in the developing countries respond much the same as do farmers 
in the developed countries— positively to price increases and negatively to price 
decreases. However, studies indicate a weaker response in the developing countries 
when the total agricultural sector is analysed rather than the smaller, 
commercialized market subsector. This dampened responsiveness is largely due to 
physical and institutional constraints on production as well as to constraints on 
the distribution of surplus production in isolated, near-subsistence regions. 

The supply elasticities used in the GOL model for both the developed and 
developing countries reflect the full effect of a price change c production 
adjustment over a number of successive years. In short they might be considered 
long-term elasticities. 



Area Elasr jetties 

Land use patterns are affected by changes in multiple-cropp .,;g cultivation or 
previously uncultivated area, or through displacement of other crops. A number of 
other physical factors affect a region's area-price responsiveness. Climate and 
soil constraints as well as limited supplies of arable land or multiple-cropping 
potential tend to dampen area responsiveness. Nonphysical factors such as rural 
institutions, agricultural infrastructure, and the degree to which an agricultural 
sector has been commercialized also affect a producer's responsiveness. While th» 
above factors probably apply more to the developing countries, the overriding '/actor 
in the developed countries may be agricultural programs, particularly in per<cus of 
heavy supply. 

Extreme caution should be used in interpreting area elasticities presented Jn 
table 36. These elasticities represent both the usual or traditional individual 
producer response to economic stimuli and the aggregate response to government 
programs. In addition, the area elasticities shown include the cumulative effects 
of both the total area and individual crop equations. 

Under alternative I, very high area-price elaeticit?as are used for the major 
grain exporters to reflect government programs that result in lower acreages whn. 
supply appears to be growing faster than demand. On the other hand, ucder 
alternative II, the area-price elasticities for these exporters are considerably 
reduced as pressure is applied against the base of readily available land and 
expansion of area requires considerably higher costs. These trea coefficieace 
reflect government programs when land is not fully utilized but approach traditional 
producer '3 price response as prices go above support levels. 

The somewhat higher than expected area elasticities for the EC-5 and EC-3 of .6 
to .7 reflect the ease of substitution of one grain crop for another as relative 
prices change. However, the total area response of .1 is quite low, indicating that 
there is little room for expansion of total area in the EC-6 or EC-3. 

Lower elasticities were usee', for the oth*i. reeo-irce-tight developed importing 
countries (for instance, Japan) and for the developing wountries with large 
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subsistence sectors or large reserves of arable land but fixed, traditional land 
ueage patterns (such as Central and East Africa). 

ihe lowest direct area elasticities— +.05 to +.1(V— were used for land-short, 
largely subsistence farming regions, such as India and Other South Asia. Indirect 
or cross elasticities were found to be more closely related to the degree of 
commercialization and the number of competing crops. * r h* more subsistence-oriented 
farmers were found to be less able or willing to move out of a particular staple 
grain crop, to break with traditional patterns of cultivation, or to change crop 
ro tat ion. 

Yield-Price Elasticities 

Expanding production in the decades ahead is likely to depend on growth in 
yields rather than growth in area. Yield responses to price changes within a single 
decade are likely to be largely related to increased use of fertilizer. Increases 
in yield within a single decade from increases in other yield-augmenting Inputs such 
as an increase in irrigation facilities will be limited. Changes in yield in 
response to price changes over the longer term of several decades depends on the 
degree that yield-augmenting inputs can be changed. Costly, long-term investments 
in agricultural infrastructure necessary if high productivity Inputs are to be used 
effectively are not easily speeded up or si /wed down in response to price changes. 
Also, improvements in technology — perhaps che single most Important source of growth 
in yields — often take place irrespective of price changes: the effec^ of these 
technological improvements on reducing costs may actually raise net farm returns 
even as pro* 4 ct prices are falling. 

The yield-price elasticities used in the GOL model reflect increased use of 
fertilizer, with limited changes in the total bundle of other inputs. Thus, yield 
elasticities appear to be positively correlated vdth existing levels of yields and 
past yield growth rates. The highest elasticities were found in those regions with 
grain yields in excess of 2.5 tons per hectare and with trend growth in yield in 
excess of 2.0 percent per year. Elasticities appear to b. directly related to a 
region 1 s agriculwural infrastructure and its level of agricultural technology as 
reflected It machinery use (e.g., mechanized plowing, planting, harvesting, and 
processing), use of chemic?l Inputs (e.g., chemical fertilization and application of 
pesticides;, and use of improved seeds (e.g., hybrid, high-yielding, dwarf, or short 
stocK varieties). Also crucial in regions with higher elasticities were Improved 
managerial practices and availability of inputs. Few if any of the more price 
responsive regions had sizable subsistence sectors. 

Consequently, the highest elasticities— +. 1 to +.25— -were used in the 
technologically advanced, heavily commercialized regions using large amounts of high 
productivity inputs and making heavy capital Investments in agricultural 
infrastructure. Among these regions were most of the developed countries, including 
both the exporters and the importers. The developed importers (i.e., the EC-9, 
Other Western Lurope, Japan) were found to have higher yield elasticities than the 
exporters (e.g., the United States, Canada, Oceania) because of tighter constraints 
on the Importers supply of arable or potentially arable land. 

The lowest elasticities— +.01 to 4 .10 — were found in the largely subsistence, 
low technology regions of the developing countries. Elasticities were low in the 
developing countries well endowed with Arable land; elasticities were also low, 
however, Sw . the subsistence, low technology areas of South Asia faced with severe 
arable are constraints. In a limited number of land-short, partially developed 
countries, including the high income East Asian countries, elasticities were found 
to be appreciably higher than in the rest of the developing countries and, in a few 
cases, comparable to levels reported in land-extensive developed exporting 
courlr ^.8» 
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CO1TRIBUTI0NS TO ANALYSIS OF WORLD FOOD PROBLEMS 

This chapter summarizes the principal sources-both publiahed and unpublished— 
that went into development of the 00L model and ite uae for delineating world food 
and agriculture in 1985. Background i„ alio preaented for the reader interested in 
technical development of the model. Researchers interested in aspects of the world 
food economy will also find this a guide to some basic sources. 



Organizations 

A number of organizations— public and private, domeatic and foreign, national 
and international-are interested in world food problems and agricultural commodity 
projections. Two with ongoing resear-.h and analyais of long-term aspects of food 
and agricilture are the Economics, Statistics and Cooperatives Service (ESCS) of the 

Jml'liJElTSS t£5 Ult S[" <USDA) ' ^ the F °° d 8nd A « rlc «lture Organization of 
the United Nations (FAO) . These two inatitutiona have also been the primary 
publishers of formal projections studies; these published studies are discussed in 
the next section. 

Over the years, ERS 6/ has conducted agricultural conmwdity analysis and 
projections, on both a U.S. and international basis, and haa contributed to an 
expanding literature on aspects of the world food problem. 

The Foreign Agricultural Service (FAS) and the Science and Education Administration 
(SEA), two other USDA agencies, share with ESCS a responsibility for analysis of the 
world food problem. FAS implements U.S. sgricultursl policy abroad and collects 
agricultural data from foreign countries. SEA is concerned with technological 
aspects of U.S. and world food production. Inevitably, these sgencies become 
Involved with the social and economic implications of their work. 

FAO is concerned with comprehensive dsts development, analysis, and policy 
formulation for world agriculture, and with ongoing appraisal of the world food 
problem. Much of the best analytical work of FAO, uaeful to development of the GOL 
model, is that of the Committee on Commodity Problems, an advisory body composed of 
national member governmenta charged with rc lawing FAO's commodity analysis: 

In addition to the USDA and FAO, numerous organizstiona share serious concern 
for world food and agriculture. Other U.S. cabinet departmenta are heavily involve, 
in aspects of world food and agricultural conditiona. Monetary and financial 
consideration, involve the U.S. Department of the Treasury. Trade and commerce 

JZmIm ? pa " a * nt of C 0 """" 'ha International Trade Commission. 

Negotiation with foreign governmenta bringa in the U.S. Department 0 f State. The 
U.S. Agency for International Development providea financial resources and 
technology assistance to countrie. with problem, of production .nd marketing of food 
and agricultural commodities, its role i. policy implantation rather than 

JSTHl-'r 1 !?* ly81 ' Pf V '•• »• W" 1 " itwlf call, for policy evaluation 

from time to time in thia general area. 

6/ Aa of January 1, 1978, the Economic Research Service (ERS), Ststistical 
Reporting Service (SRS), end Fsrmer Cooperetive service (FCS) were merged into the 
Economics, Stati.tica, snd Coopsretivee Service (ESCS). Hence, for the purpose of 
thia report the terms ERS snd ESCS are interchangeable. 
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(178) Willett, Joseph W. 

1969. The Impact of New Grain Varieties in Asia. U.S. Dept. Agr. Econ. 
Res. Serv. ERS-Foreign 275. 



II Prepared by the U.S. Department of Agriculture: 

Data Sources 

(200) Allen, George C, Earl F. Hodges and Margaret Devers 

1974. javestock-Feed Relationships, National and State. U.S. Dept. Agr. 
^on. Res. Serv. Stat. Bui. 530. June. 



pec 



(201) 

1975. Livestock-Feed Relationships National and State. Supplement for 1974 
to Stat. Bui. 530. U.S. Dept. Agr. October. 

(202) Economic Research Service 

1964. Food Balances for 24 Countries of the Western Hemisphere 1959-1961. 
U.S. Dept. Agr. ERS-Foreign 86. 

(203) 



1964. Food Balances for 16 Countries of Western Europe 1959-1961. U.S, 
Dept. Agr. ERS-Foreign 87. 



(204) 



(205) 



(206) 



1964. Food Balances for 12 Countries in the Far East and Oceania 1959-1961. 
U.S. Dept. Agr. ERS-Foreign 88. 



1965. Food Balances for 30 Countries of Africa and West Asia 1959-1961. 
U.S. Dept. Agr. ERS-Foreign 119. 



1965. Food Balances for 8 East European Countries 1959-1961. U.S. Dept. 
Agr. ERS-Foreign 124. 
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(207) 



(208) 



(209) 



(210) 



(211) 



(212) 



(213) 



(214) 



(215) 



(216) 



1972. Feed Statistics: Feed Grains, Processed Feeds , Hay and Other 

Forages. Supplement for 1971 to Stat. Bui. 410. U.S. Dept. Agr. 
July. 



1972. Food Grain Statistics: Wheat, Rye, Rice, Flour, By-Products. 

Supplement for 1971 to Stat. Bui. 423. U.S. Dept. Agr. November. 



i972. The 1972 Agricultural Data Book for the Far East and Oceania. U.S. 
Dept. Agr. ERS-Forelgn 267 Revised. October. 



1973. Agricultural Statistics of Eastern Europe and the Soviet Union 1950- 
70. U.S. Dept. Agr. ERS-Forelgn 349. June. 



1975. Agricultural Trade of the Western Hemisphere: A Statistical Review 
1963-73. U.S. Dept. Agr. Stat. Bui. 546. July. 



1975. Structural Changes In West European Agriculture 1950-70, U.S. Dept. 
Agr. For. Agr. Econ. Rpt. 114. November. 



1976. Livestock and Meat Statistics. ' ~ ^rment for 1975. U.S. Dept. Agr. 
Stat. Bui. 522. June. 



1976. Poultry and Egg Statistics. Supp t for 1972-75 to Stat. Bui. 
525. U.S. Dept. Agr. September. 



1976. Twenty-Six Years of World Cereal Statistics: Area, Yield, 

Production, 1950-75, By Country and Region. U.S. Dept. Agr. ERS- 
FDCD. July. 



1976. U.S. Fats and Oils Statistics 1960-75. U.S. Dept. Agr. Stat. "Bui. 
560. September. 



(217) Foreign Agricultural Service 

1960 onward. World Grain Balance Figures. U.S. Dept. Agr. 

(218) 



1960 onward. World Meat Balance Figures. U.S. Dept. Agr. 

(219) Statistical Reporting Service 

1965. Usual Planting and Harvesting Dates. U.S. Dept. Agr. Agr. Handbook 
283. 
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III Prepared for the U.S. Department of Agriculture: 
Studies of Effects of Economic Integration on Agriculture 

(300) Epp, Donald J. 

1968. Changes In Regional Grain and Livestock Prices Under European 

Economic Community Policies. Res. Rpt. 4. Inst, of International 
Agr. Michigan State Univ. E. Lansing, Mich. 

(301) Ferris, John, et al 

1971. Impact on U.S. Agricultural Trade of the Accession of the United 
Kingdom, Ireland, Denmark and Norway to the European Economic 
Community. Res. Rpt. 11. Inst, of International Agr. Michigan State 
Univ. East Lansing, Mich. 

(302) Gayoso, Antonio, and W.W. McPherson 

1971. Effects of Changing Trade Systems in Latin America on U.S. 

Agricultural Exports. Expi Sta. Monograph Series 1. Inst, of Food 
and Agr. Sciences. Univ. of Florida. Gainesville, Fla. February. 

(303) Mangum, Fred A., Jr. 

1968. Grain-Livestock Economy of Italy: With Projections to 1970 and 1975. 
Res. Rpt. 2. Inst, of International Agr. Michigan. 

(304) Petit, Michel, and Jean-Baptiste Viallon 

1968. Grain-Livestock Economy of France: With Projections to 1970 and 

1975. Res. Rpt. 3. Inst, of International Agr. Michigan State Univ. 
East Lansing, Mich. 

(305) Rossmlller, George E. 

1968. Grain-Livestock Economy of West Germany: With Projections to 1970 
and 1975. Res. Rpt. 1. Inst, of International Agr. Michigan State 
Univ. East Lansing, Mich. 

(306) Sorenson, Vernon L., and Dale E. Hathaway 

1968. Grain-Livestock Economy and Trade Patterns of the European Economic 
Community: With Projections to 1970 and 1975. Res. Rpt. 5. Inst, of 
International Agr. Michigan State Univ. East Lansing, Mich. 



IV Prepared for the U.S. Department of Agriculture: 
Studies of Agricultural Supply and Demand 

(400) Aarhus Universitets Okcnomiske Institut 

1969. Projections of Supply and Demand for Agricultural Products in Denmark 
1970-1980. By Palle Schelde Andersen, Peter Guldager, Arne 
Schmelling, John Vibe-Pedersen, and Hans Egede Zeuthen. Aarhus, 
Denmark. 

(401) Abbas, S.A. 

1967. Supply and Demand of Selected Agricultural Products in Pakistan 1961- 
1975. Oxford Univ. Press. Pakistan. 
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(402) Banco de Mexico, S.A. 

1966. Projections of Supply of and Demand for Agricultural Products in 
Mexico to 1965, 1970, and 1975. By Banco de Mexico, S.A., the 
Secretaria de Agricultura y Ganaderia, and the Secretaria de Hacienda 
y Credito Publico, under the direction of Victor L. Urquidi and 
Emlllo Alanis Patlno. Jerusalem. 

(403) Berg, Eric R. 

1967. Nigeria, Senegal, and the Congo (Kinshasa): Projected Level of 
Demand, Supply, and Exports of Oilseed Products to 1975 with 
Implications for U.S. Exports to the European Economic Community, 
University of Alberta, Edmonton. 

(404) Centre de Recherches et de Documentation sur la Consolation 

1967. Production and Uses of Selected Farm Products in France: Projections 
to 1970 and 1975. CREDOCc Paris, France. 

(405) Clark, Colin, et al 

1962. United Kingdom: Projected Level of Demand, Supply, and Imports of 

Farm Products in 1965 and 1975. Insj. for Res. inAgr. Econ. Oxford 
Univ. January. 

(406) Consejo de Bienestar Rural 

1965. Long-Term Forecast^ofTthe Supply and Demand of Agricultural and 
Livestock Products in Venezuela. Draft dated November 1964 by CBR. 
Caracas, Venezuela. Printed in Jerusalem. December. 

(407) Crosson, Pierre R. 

1966. Economic Growth in Malaysia. Center for Development Planning. 
National Planning Association, Washington, D.C. 

(408) Department of Political Economy, University of Edinburgh (Scotland) 

1964. Ghana: Projected Level of Demand, Supply and Imports of Agricultural 
Products in 1965, 1970 and 1975. The University, Edinburgh. 

(409) Elz, Dieter 

1967. Oilseed Product Needs of the Euro pea x Economic Community 1970: As 
Indicated by Livestock-Feed and Vegetable-Oil Requirements. Printed 
in Jerusalem. May. 

(410) Fundacao Getulio Vargas 

1968. Brazil: Projections of Supply and Demand for Agricultural Products 
Through 1975. Brazilian Institute of Econ. Getulio Vargas 
Foundation. Rio de Janeiro. November. 

(411) 



1970. Brazil: Food Consumption, Family Budget Surveys in the Early 1960's. 
Brazilian Institute of Econ. Getulio Vargas Foundation. Rio de 
Janeiro • November • 

(412) Gruan, F.H., A. A. Powell, B.tf. Brogan, G.C. McLaren, R.H. Snape, 
T. Wasitel, and L.E. Ward 

1967. Australia: Long Term Projections of Agricultural Supply and~3fcmand 
1965 to 1980. 2 Vols. Dept. of Econ. Monas Univ. Clayton, 
Victoria, Australia. 

(413) Hsu, Wen-Fu 

1967. Demand Projections of Agricultural Products Relative to Economic 
Development in Taiwan. Res. Instit. of Rural Socio-Economics. 
National Taiwan Univ. Taipei, Taiwan. December. 



ERIC 291 



274 



THE FOOD SECTOR 



(414) IFO-Institut fuer Wirtschaf tsforschung 

1967. Long-Term Development of Demand and Supply for Agricultural Products 
In the Federal Republic of Germany. By Helmut Schmidt and others. 
Series Studlen zur Agrarvirtschaf t . Vol. 1. Munich, F.R. Germany. 

(415) 



1969. Aggregation of Future Demand and Supply for Agricultural Products In 
the European Economic Community 1970-1975. By E. Schmidt and L. 
Gruenvald. Munich, F.R. Germany. 



(416) 



(417) 



1971. Agricultural Marketing Systems in the EEC-Member Countries. 2 Vols. 
Studlen zur Agrarvirtschaf t. Munich, F.R. Germany. 



1973. Agricultural Marketing Systems in the United Kingdom, Ireland, 

Denmark, Norway, and Sweden. 2 Vols. Studlen zur Agrarvirtschaf t. 
Munich, F.R. Germany. 

(418) India, National Council of Applied Economic Research 

1970. India: Projections of Demand and Supply of Agricultural Commodities . 
New Delhi* September. 

(419) Institute for Agricultural Economic Research (Tokyo) 

1964. Japanese Import Requirements: Projections of Agricultural Supply and 
Demand for 1965, 1970, and 1975. Univ. of Tokyo. March. 

(420) Institute of Social and Economic Research (Kingston) 

1966* Jamaica, Trinidad and Tobago, Leeward Islands, Windward Islands, 

Barbados, and British Guiana: Projected Levels of Demand Supply and 
Imports of Agricultural Products to 1975. By the Institute, Univ. 
College of the West Indies. Kingston, Jamaica. Econ. Res. Serv* 
U.S. Dept. Agr. ERS-Foreign 94. 

(421) Instituto Nacional de Tecnologla Agropecuarla 

1972* Argentina: Projections of Supply of and Demand for Selected 

Agricultural Products Through 1980. IN1A. Buenos Aires, Argentina. 
November. 

(422) Jones, George 

1969. United Kingdom: Projected Level of Demand, Supply and Imports of 

Agricultural Products, 1970 : 1975, and 1980. Institute for Research 
in Agr. Econ. Oxford Univ. 

(423) Landbouv-Economisch Instituut 

1967* Supply and Demand, Imports and Exports of Selected Agricultural 

Products in the Netherlands: Forecast for 1970 and 1975. The Hague, 
Netherlands. 

(424) Little, Arthur D., Inc. 

1966. Projected Exports &nd Imports of Selected Agricultural Commodities of 
South Africa. Rpt. to Econ. Res. Serv. and Foreign Agr. Serv. U.S. 
Dept. Agr. Pacember. 

(425) Mercantile, Inc. 

1963. The Philippines: Long-Term Projections of Supply of and Demand for 
Selected Agricultural Products. U.S. Dept. Agr. Econ. Res. Serv. 
ERS-Foreign 34. 
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(426) Mundlak, Yair 

1964. Long-Term Projections of Supply and Demand for Agricultural Products 
of Israel. Hebrew Univ. Jerusalem. May. 

(427) Studiecentrum voor Economische en Sociaal Onderzoek 

1967. Long-Term Development of Supply and Demand for Agricultural Products 
in Belgium. By P.H. Virenque, Willy Desaeyere, Helga Stuyck, Emiel 
Van Bro khoven, and J.M. Van Haeperen. SESO. University of Antwerp. 
Belgium. 

(428) Tsu f Sheldon and Ernest Koenig 

1964. Italian Agriculture: Projections of Supply and Demand in 1965, 1970, 
and 1975. U.S. Dept. Agr. Econ. Res. Serv. ERS-Foreign 68. 
January. 

(429) Universidad Agraria 

1969. Peru: Long-Term Projections of Demand for and Supply cf Selected 

Agricultural Commodities Through 1980. Programa de Invest igaciones 
para el Desarrollo. Univ. Agraria. La Molina, Lima, Peru. June. 

(430) University of Bombay 

1969. Survey of Indie's Export Potential of Oilcakes. 5 Vols. By Dept. of 
Econ., Univ. of Bombay, and Operations Research Group, Baroda. 
Prepared for U.S. Agency for International Dev. and India, Ministry 
of Foreign Trade and Supply. Limited Distribution. April. 

(431) University of Edinburgh 

1962. Nigeria: Determinants of Projected Level of Demand, Supply, and 
Imports of Farm Products in 1965 and 1975. U.S. Dept. Agr. Econ. 
Res. Serv. ERS-Foreign 32. August. 



V Prepared for the U.S. Department of Agriculture: 
Technical Studies of Livestock Feeding 

(500) U.S. National Academy of Sciences 

1968. Nutrient Requirements of Sheep. 4th res. ed. Nutrient Requirements 
of Domestic Animals, No. 5. Washington. 

(501) 

1968. Nutrient Requirements of Swine, 6th rev. ed. Nutrient Requirements 
of Domestic Animals, No. 2. Washington. 

(502) 

1970. Nutrient Requirements of Beef Cattle, 4th rev. ed. Nutrient 
Requirements of Domestic Animals, No. 4. Washington. 

(503) 

1971. Nutrient Requirement? of Dairy Cattle, 4th rev. ed. Nutrient 
Requirements of Domestic Animals, No. 3. Washington. 

(504) 

1971. Nutrient Requirements of Poultry, 6th rev. ed. Nutrient Requirements 
of Domestic Animals, No. 1. Washington. 
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(505) Weightman, Paul W.il. 

1967. Concentrated Feedingstuf f s for Livestock In the United Kingdom. 

A. E. Res. 225. Agr. Exp. Sta. Cornell Univ. Ithaca, N.Y. June. 



(506) 



(507) 



(508) 



(509) 



1968. Concentrated feedingstuf fs for Livestock in the Netherlands. A.E. 
Res. 239. Agr. Exp. Sta. Cornell Univ. Ithaca, N.Y. January. 



1969. Concentrated Feedingstuf fs for Livestock in Belgium-Luxembourg. 

A.E. Res. 286. Agr. Exp. Sta. Cornell Univ. Ithaca, N.Y. May. 



1969. Concentrated Feedingstuf fs for Livestock In Denmark. A.E. Res. 287. 
Agr. Exp. Sta. Cornell Univ. Ithaca, N.Y. May. 



1969. Concentrated Feedingstuf fs for Livestock in France. A.E. Res. 288. 
Agr. Exp. Sta. Cornell Univ. Ithaca, N.Y. May. 



VI Prepared by the Food and Agriculture Organization: Analytical Studies 

(600) Food and Agriculture Organization 

1966. The Response of Rice to Fertilizer. FAO. Rome. 

(601) 



1966. Statistics of Crop Responses to Fertilizers. FAO. Rome. 



(602) 



1966-69. Indicative World Plan for Agricultural Development to 1975 and 

1985. FAO. Rome. Regional Studies as follows: Subregional Study 
No. 1. Near East. Provisional Regional Study No. 2 South America. 
Provisional Regional Study No. 3. Africa South of Sahara. 
Provisional Regional Study No. 4. Asia and Far East. 



(603) 

(604) 

(605) 
(606) 

(607) 



1967. Agricultural Commodities: Projections for 1975 and 1985. 2 Vols. 
FAO. Rome. 



1969. Provisional Indicative World Plan for Agricultural Development. 3 
Vols. FAO. Rome. 



1971. Agricultural Commodity Projections 1970-1980. 2 Vols. FAO. Rome. 



1971. Analysis of Supply Responses to Price Changes. Committee on 

Commodity Problems. Projections Research Working Paper No. 7. FAO. 
Rome. November 3. 



1971. Impact of Demand Changes in income Distribution. Committee on 

Commodity Problems. Projections Research Working Paper No. 2. FAO. 
Rome. 
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(608) 



(609) 



(610) 



(611) 



(612) 



1971. Implications of the Possible Enlargement of the EEC for Agricultural 
Commodity Projections, 1970-1980. Committee on Commodity Problems. 
Projections Research Working Paper No. 6. FA0. Rome. 



1971. A World Price Equilibrium Model. Committee on Commodity Problems. 

Projections Research Working Paper No. 3. FA0. Rome. October 11. 



1972. Income Elasticities of Demand for Agricultural Products. 

Projections Research Working Paper No. I. Committee on Conmodity 
Problems. FA0. Rome. May. 



1975. Fertilizers, An Annual Review of World Production, Consumption, 
Trade and Prices. FAO. Rome. Annual, selected issues. 



1974. World Food Security: Diaft Evaluation of World Cereals Stock 
Situation. FAO. Rome. 



VII Prepared by the Food and Agriculture Organization: Data Sources 
(700) Food and Agriculture Organization 





1950 


onward. 


National Grain Policies. FAO. Rome. Annual. 


(701) 










1950 


onward • 


Production Yearbook. , FAO. Rome. Annual. 


(702) 










1950 


onward. 


Trade Yearbook. FAO. Rome. Annual. 


(703) 









1971. Food Balance Sheets. 1964-66 Average. FAO. Rome. 



VIII Prepared by the Organization for Economic Cooperation and Development: 

Analytical Studies 

(800) Organization for Economic Cooperation and Development 

1966. Cooperative Research in Input-Output Relationships in Use of 

Fertilizers in Crop Production. By Olle Johansson, Larus Jansson, 
Bertil Johnsson, Ulf Renborg, and George Stojkovic. Documentation 
in Agr. and Food 84. OECD. Paris. 

(801) 



1968. Agricultural Projections for 1975 and 1985: Production and 
Consumption of Major Foodstuffs. OECD. Paris. 



(802) 



1968. Agricultural Projections for 1975 and 1985. Country Studies. 23 
Vols. OECD. Paris. 



ERLC 



295 



278 



THE FOOD SECTOR 



(803) 



(804) 



(805) 



(806) 



1807) 



1968. Cooperative Research op Input-Output Relationships in Beef 
Production. By S.R. Wragg, T.E. Godsell, and Gwyn Williams. 
Documentation in Agr. and Food 82. 0ECD. Paris. 



1969. Cooperative Research on Input-Output Relationships in Cow Milk 

Production. By F. de Boer, A. Eriks, G. Hamming, M-L. »t Hart, and 
J. de Veer. Documentation in Agr. and Food 83. 0ECD. Paris. 



1970. An Appraisal of "Income" Elasticities for Total Food Consumption in 
Developing Countries. By Qulrlno Paris. 0ECD. Paris. 



1971. Study on the Factors influencing the Use of Cereals in Animal 
Feeding . 0ECD • Par is . 



1976. Study of Trends in World Supply and Demand of Major agricultural 
Commodities. Report by the Secretary General. 0ECD. Paris. 



(808) Yudelman, Montague 

1971. Technological Change in Agriculture and T-jployment in Developing 
Countries. Development Center Studies. Employment Series No. 4. 
OECD. Paris. 



IX Prepared by the Organisation for Economic Cooperation and Development: 

Data Sources 



(900) Organisation for Economic Cooperation and Development 

1973. Food Consumption Statistics 1955-1971. OECD. Paris. 

(901) 





1975. 


Heat 


(902) 








1970. 


Milk 
1955 


(903) 







1970 onward, c4aln Economic Indicators. OECD. Paris. Month] 



X Studies Prepared by and for Other Sponsors 



(1000) Ala, Hans, Jack Duloy, and 0. Gullbrandsen 

1969. Agricultural Prices and the World Food Economy. Progress Report for 
FAO. Rome. March. Also presented at the FA0 Inter-Secretariat 
Expart Consultation on Projections. Rome. December 15-19. 
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(1001) Armington, Paul S. 

1970. A Many-Country Model of Equilibrating Adjustments in Prices and 

Spending. Published as an appendix to Rudolf Rhomberg: Possible 
Approaches to a Model of World Trade and Payments. Staff Papers. 
International Monetary Fund. Washington, D.C. 

(1002) Association Sdentlf*?" Europeenne pour la Prevision Economique 
a Moyen et a Long Term 

, 1971. Europe's Future Food and Agriculture. ASEPELT Vol. 3 Ed. by A.M.M. 
McFarquhar. North-Holland Pub. Co. Amsterdam. 

(1003) Atlantic Institute 

1970. A Future for European Agriculture. Report by a panel of experts. 
Atlantic Papers 4. Paris. France. 

(1004) Aziz, Sartaj 

1975. Hunger, Politics and Markets: The Real Issues in the Food Crisis, 
New York; N.Y. Univ. Press. 

(1005) Barker, R. 

1969. Economic Aspects of U *gh-Yielding Varieties of Rice with Special 
Reference to National Price Policies. Monthly Bui. of Agr. Econ. 
and Stat. June. 

(1006) Rawden, D. Lee 

1964. An Evaluation of Alternative Spatial Models. Jour, of Farm Econ. 
No. 1. 46. pp. 1372-1379. December. 

(1007) 



1966. A Spatial Price Equilibrium Model of International Trade. Jour, of 
Farm Econ. Vol. 48. pp. 862-874. November. 

(1008) Behrman, Jere R. 

1968. Supply Response in Underdeveloped Agriculture. North-Holland Pub. 
Co. Amsterdam. A Case Study of Four Major Annual Crops in 
Thailand. 1937-1963. 

(1009) Berg, Eric R. 

1961. Structure of Soybean Oil Export Market. Univ. of Illinois. Agr. 
Exp. Sta. Bui. 674. 

(1010) Bjarnason, H.F. 

1967. An Economic Analysis of 1980 International Trade in Feed Grains. 
Ph.D. dissertation. Univ. of Wisconsin. Madison. May. 

(1011) Blakaalee, Leroy 



1967. An Analysis of Projected World Food Production and Demand in 1970, 
1985, and 2000. Ph.D. dissertation. Iowa State Univ. Ames. 

(1012) Blakeslee, Leroy, Earl 0, Heady, and Charles F, Framingham 

1973. World Food Production, Demand, and Trade. Center for Agriculture 
and Rural Dev. Iowa State Univ. Ames. 

(1013) Boehm, William T. , and Emerson M. Babb 

1975. Household Consumption of Beverage Milk Products. Purdue Univ. Agr. 
Exp. Sta. Bui. No. 75. West Lafayette, Indiana. March. 
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(1014) 

1975, Household Conaumpt ion of Storable Manufactured Dairy Products, 

Purdue Univ. Agr. Exp* Sta. Bui, No, 85, West Lafayette, Indiana. 
June* 

(1015) Brandov, George E. 

1961. Interrelations Among Demands for Farm Products and Implications for 
Control of Market Supply, Penn. State Univ. Bui, 680, Univ. Park, 
August, 

(1016) Brown, Lester R. 

1970, Seeds of Change, The Green Revolution and Development in the 
1970's, Praeger Publishers. New York, 

(1017) 



1975, By Bread Alone, Praeger Publishers, New York, 

(1018) Carter, Harold, James G. Youde and Maurice L, Peterson 

1975, Future Land Requirements to Produce Food for an Expanding World 

Population, In Perspectives on" Prime Lands: Background Papers for 
Seminar on Retention of Prime Lands July 16-17, 1975, U.S-. Dept. 
Agr. Committee on Land use, t 

(1019) Colyer, Dale, and George D. Irwin 

1967, Beef, Pork, and Feed Grains in the Combelt: Supply Response 

Adjustments, N.C. Reg, Res, Pub, 178, Univ, of Missouri, Agr, Exp, 
, Sta, Res. Bui, 921, August, 

(1020) Crosson, Pierre and Kenneth Fredericks 

1977, The World Food Situation: Resources and Environmental Issues. 
Resources For the Future, Washington, D.C. Unpublished, 

(1021) Duloy, John H. , and Norton, Roger D, 

1975, Pricee and Incomes in Linear Programming Models, Ataer, Jour, Agr, 
Econ. Vol. 57, No. 4. 591-600. 

(1022) Egbert, Alvin C. , and Earl 0. Heady 

1964, Regional Changes in Grain Production: An Application of Spatial 
Linear Progradmlng, Agr. and Home Econ. Exp. Sta. Iowa State Univ, 
Res. Bui. -521. Ames. 

(1023) Egbert, Alvin C* and Schlomo Reutllnger 

1965, A Dynamic Model of the Livestock Feed Sector. Jour, of Farm Econ, 
Vol. 47. pp. 1288-1305. December. 

(1024) Falcon, W.P. 

1962. Farmer Response to Price in Undeveloped Areas, A Case Study of West 
Pakistan. Ph.D. dissertation. Dept. of Econ. Harvard Univ. 

(1025) Farnsworth, Helen C, and Karen J. Friedman 

1967. French and EEC Grain Policies and their Price Effects 1920*1970. 
Food Research Institute Studies. Special issue, "ol, 7, No. 1. 
Stanford Univ. 

(10i6) Filippello, A. Nicholas 

1967. A Dynamic Econometric Investigation of the Japanese Livestock 
Economy. Univ. of Missouri, Ph.D. dissertation. December, 
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(1027) Fletcher, L. , and Mubyartc 

1966. Supply and Market Surplus Relet lonahlpa for Rice In Indonesia. 

Paper read at the Agri. Dev. Council— Univ. of Minn. Conference on 
Supply and Market Relationships In Peasant Agriculture. 
Minneapolis* February 18-20. 



(1028) Fouquet, Annie 

1970. Projection de la Consommation Allmentalre pour 1975 (Projection of 
Food Consumption for 1975). Lee Collections de l'INSEE. 30, Serle* 
M. No. 5. Instltut National de la Statlstlque et les Etudes 
Economet r Iques • Paris • October • 

(1™>9) Friedmann, Karen J., and Helen C. Farnsworth 

1966. The West German Grain Economy and the Common Market Policies, 
Prices, and Production, 1925-1975. Food Research Institute. 
Stanford Univ. 

(1030) Frlsch, Ragne*r 

1~59. A Complete Scheme for Computing All Direct and Cross Demand 

Elasticities in a Model With Many Sectors. Econometrlca. Vol. 27. 
No. 2. pp. 177-196. April. 

(1031) Central Agreement on Tariffs and Trade 

1972. The Major Import Markets for Oilcakes vlth UNC1U). International 
Trade Cent sr. GATT. Geneva. 

(1032) George, P.S., and G.A. King 

1971. Consumer Demand for Food Commodities m the United States With 
Projections for 1980. Glannlnl Foundation Monograph 26. California 
Agr. Exp. Sta. March. 

(1033) Gollnick, H. , and P. Maciej 

1965. Die Projektion der Nachfrage n*ch Nahrungsmittlen in der BR 

Deutschland bis 1965, 1970, und 1975 (Demand Projection for Food In 
the F.R. Germanv for 1965, 1970, and 1975). Agrarwirtschaft . Vol. 
14. No. 2. 

(1034) Hallberg, M.C. and R.F. Fallert 

1976. Policy Simulation Model for the United States Dairy Industry. Penn. 
State Univ. Agr. Exp. Sta. Bui. 805. Univ. Park, Penn. January. 

(1035) Harbin, Clifford M. . ed. 

1969. Overcoming World Hunger. American Assembly. Prentice-Hall. 
Englewood Cliffs, N.J. 

(1036) Harris, Alan J. 

1967. An Econometric Analysis of Rice Prices in the Republic of Vietnam. 

Dept. of Agr. Econ. North Dakota State Univ. Agr. Econ. T. Series 
67-1. December. 

(1037) Heady, Earl 0., Doeke C. Faber and Steven C. Sonka 

1975. A World Food Analysis: Grain Supply and Export Capacity of American 
Agriculture Under Various Production and Consumption Alternatives. 
In CARD Report 60. Ames, Iova: Center for Agricultural and Rural 
Development, Iowa State Univ. 
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The Three Submodels 

The three submodels — arable area, total food 
(production and consumption), and total fertilizer 
use — ■ were extremely simple, but they can be 
described only approximately because the Depart- 
ment was unwilling or unable to provide documen- 
tation. The descriptions that follow are based 
largely on oral responses to questions about the 
submodels. 

The submodels have a few common character- 
istics. They were all specified seperately for each 
region in the GOL model for which reliable 
historical data were available. The submodels 
were all executed after the GOL model and were 
dependent on the GOL model in various ways. 
Hie function of the submodels and their various 
assumptions must be described separately. 

The arable area submodel supplements the 
GOL model by providing projections of arable 
area. The availability of arable land depends on 
many trends, including urbanization and land 
reclamation. It is assumed in this submodel that 
there is a finite amount of land that is potentially 
arable, and projections are not allowed to exceed 
this constraint. Up to this constraint, arable area 
is projected to increase on the basis of time trends 
and an index of GOL food prices (intended to 
reflect economic incentives). It is assumed that 
there will be no large-scale loss or degradation of 
arable land due to mismanagement or environmen- 
tal deterioration. 

The total food submodel augments the GOL 
projections (of grains, oilseeds and livestock) to 
arrive at total food projections. The procedures 
involved were extremely simple. Growth in total 
food was in most cases projected as a function of 
growth in the GOL commodities (grain, oilseeds 
and livestock) based on historic trends. Their 



relationship was almost always assumed to be 
constant over time and linear. Sugars, starches, 
tropical products and other livestock were taken 
into account, as appropriate, in the various re- 
gions. Fish catches for human consumption were 
not explicitly taken into account for any region 
(except Japan), but were included in the analysis 
of a miscellaneous category. This miscellaneous 
category was assumed to provide the same per- 
centage of the food supply in the future as in the 
past. This in turn means that (for all regions 
except Japan) the fraction of food needs met by 
fish consumption will be constant, unless substi- 
tuted by another food in the miscellaneous cate- 
gory (e.g., bananas, goats, camels, etc.). Since 
fbtd consumption is projected to grow dramati- 
cally in all regions, it follows that (in the absence 
of nuyor shifts to other foods in the miscellaneous 
category) there will be dramatic growth in the 
global fish catch. Such growth in fish catch 
contradicts the Global 2000 Study's fisheries pro- 
jections. 

The fertilizer use submodel supplements the 
GOL model by providing projections of total 
fertilizer use. The projections are highly aggre- 
gated. The relative amounts of nitrogen, phospho- 
rous and potassium are not given. The aggregate 
projections are baaed on regional time-series and 
cross-sectional relationships involving yields per 
hectare and growth in crop production. The rela- 
tionship between fertilizer use and crop produc- 
tion levels is generally assumed to be linear, but 
the coefficients art adjusted by Departmental 
analysts (depending on the length of the projection 
being developed) to reflect assumptions of de- 
creasing return to scale. Decreasing returns to 
scale are thus specified indirectly (as a function of 
time) rather than directly (as a function of f ilizer 
use). 
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Introduction 



There are two aspects of energy projections: the geolog- 
ical and economic classification of fuel mineral resources, 
and the economic estimation of supply and demand bal- 
ances for various energy forms. 

The model employed in geological and economic clas- 
sification of fuel mineral resources is essentially identi- 
cal to that used for nonfuel minerals, and the interested 
reader is referred to the discussion of the "McKelvey 
box" in the next chapter (Nonfuel Mineral Sector). 

The Government's model for projecting world energy 
supply and demand balances is complex. The Department 
of Energy (DOE) projection model is called the Interna- 
tional Energy Evaluation System (IEES). The documen- 
tation available to the Global 2000 staf f at the time the 
energy model was being reviewed consisted of two docu- 
ments: (1) a draft "Methodology** 1 appendix intended 
for publication in the Annual Report of the Administra- 
tor, Energy Information Administration (EIA), within 
DOE, and (2) a document 2 describing part of the demand 
submodel of IEES. The draft "Methodology** appendix 
was n Jver published, but was the best source available 
to the Global 2000 staff. It provides a brief overview of 



the entire IEES model and is reproduced here. The docu- 
ment describing part of the demand submodel is much 
more detailed, but not especially helpful in understanding 
the whole IEES model because i* deals with only part of 
one of the six major submodels. Only the overview 
description of the demand submodel is repeated here. 

The "Methodology" paper that follows will provi 1e the 
reader with a general sense of the IEES model. Reauers 
interested in further information on the IEES model are 
referred to a two volume report 3 on the model, which 
was not available at the time the Global 2000 Study was 
attempting to review the IEES model. 

References 

1 . Mark Rodekohr and CoUecn Cornctt, "Methodology," an unpub- 
lished draft appendix prepared originally for the 1978 Annual Report 
of the Administrator, Energy Information Administration, Depart- 
ment of Energy. 

2. Demi CbIo, An Analysis of OECD Country Energy Demand, Tf- 
WPIA-19, Washington: Federal Energy Administration, Aug. 1977. 

3. Michael L. Shaw and Mary J. Hu tiler, The International Energy 
Evaluation System, vols. 1 and 2, HCP/I8602-0K, Washington: Depart- 
ment of Energy, 1979. 
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Introduction 

The analysis in this report was supported and validated 
by a large detailed equilibrium model of the free world energy 
market referred to herein as the International Energy Evaluation 
System ( IEES) . 

After first contrasting the approach used here with that 
of other studies, this appendix reviews the methodology and data 
utilized in the forecasting approach. IEES is based substan- 
tially on the methodology developed for the Project Independence 
Evaluation System (PIES) and described in detail in the National 
Energy Outlook for 1976. 

A Methodological Approach 

Published energy analyses and forecasting are practiced 
at two levels of detail. In one, "the GDP multiplier approach," 
total demand for energy is forecasted on the basis of economic 
growth. Indigenous supplies are considered additively in pro- 
viding for demand and any excess is considered to be importable 
from international trade. This approach is the basis of most 
policy documents and recent projections.* 

While this approach is much to be commended for its sim- 
plicity and directness, indeed it has beer used in IEES for the 
developing countries, it brushes many of the key issues under 
the collective rug known as the "estimate of the GDP multi- 
plier," that relates economic to energy growth. Vigorous 
policies of energy conservation, pricing, and controls result 
in lower values while expansionist policies and high con- 
sumption result in higher values. Countries with low average 



* See for example 

1 "World Energy Outlook," OECD, March 1977. 

2 CIA International Outlook, April 1977. 

3 Energy Global Prospects 1985-2000. Workshop on Alternate 
Energy Strategies, McGraw Hill Press, 1977. 

This is true of some of the WAES national studies; however, 
the revised overall integration methodology also falls into 
the second "market method." 
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GDr multipliers — Sweden ard Germany — are analyzed as ex- 
amples Cor other countries. The fact that the annual variation 
in the GDP multiplier for any one country often exceeds the var- 
iance over all others, remains as a curious if not embarrassing 
detail of the method. 



The second method of energy analysis is more demanding and 
consequently has little public usage except by companies, organ- 
izations, and others for whom the energy trade is a livelihood. 

In the secono "market method," a detailed model of the 
energy market is established in which consumption is estimated 
by econometric analysis of historical and current data, and 
supplies are evaluated competitively through an existing trans- 
portation, processing, and conversion technology. Based upon 
this analysis, consumption responds to but is not determined 
solely by economic growth, and supplies need not be additive or 
even usable in the satisfaction of demand and, thus, determination 
of import dependence . * 

The second method generates a vehicle that is responsive 
to the conceptual manipulations of the market by policy analysts 
and yields a detailed understanding of its /esponse. 

In particular in determining the demand for petroleum prod- 
acts and, thus, crude oil, it is equally crucial to study the 
market for non-petroleum products in detail. 

The analysis developed in this study adds another element 
to the technique of the "market method" by explicitly considering 
the effect of energy prices on consumption. The purpose is to 
permit the evaluation of the competitive positions of coal, oil, 
and natural gas in an International market in which the marginal 
supply of oil, from OPEC, is susceptible to price control. The 
key issue is to evaluate the market for OPEC oil as a function 
of price. However, this analysis also provides a means for eval- 
uating national policies since the detailed market model provides 
an explicit treatment of many of the vehicles of policy implemen- 
tation — tariffs, taxes, demand management, regulations, price 
control, etc., in energy trade, refining, utilities, synthetics, 
and consumption by sector* 



See for example 

1 The National Energy Outlook, 19^6, GPO. 
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Overview 

IEBS calculates snapshots of average annual world energy 
balances and equilibrium prices, for base years in the range 
197/-1990. The energy market is considered as the detailed in- 
teraction between five major energy consuming areas: the U.S., 
Japan, Canada, OECD Europe and Australia/New Zealand. OPEC, 
the remaining non-OPEC LDC*s, and the centrally planned economies 
of Russia, East Europe, and China are considered in less detail. 
Collectively these are represented in 12 regional descriptions 
whose emphasis is on the OECD countries because they consume 
roughly 80 percent of free world oil. 

Energy trade is considered as a fully competitive market for 
indigenous and imported resources of oil, coal, natural gas, and 
nuclear, hydro and geothermal energy, subject to distortions im- 
posed by various national policies such as regulation, price con- 
trol and cartelized price fixing. 

Given an OPEC oil price, specifically for its marker crude, 
world energy supply, demand, and prices are established by a com- 
petitive equilibrium in which consumption and supply are determined 
by price, consistent with the free world's current and forecasted 
ability to convert primary energy into final consumption. Figure 
B-l shows the general structure of IEES. 

The basis of the IEES methodology is the dynamic forecast 
of annual energy demand from 1975 to 1990 based upon a specific 
energy price and national i ncome pro jection . Giving a base price 
forecast by region for the major fuels (gasoline, distillate, re- 
sidual fuel, jet fuel, electricity, natural gas and coal), an 
annual forecast for 49 products by region by sector is developed. 
By successively perturbing the base prices independently, annual 
elasticity matrices can be developed for the effect of changes 
in the base price on the demand forecast. The prices are defined 
to be the wholesale price on the coast or principal port of loading 
for the region involved, less taxes or tariffs. 

In each region, the supply models consist of representative 
supply estimates in the form of incremental supplies available as 
a function of indigenous wholesale price for coals — steam coal, 
lignite, metallurgical coal; oils, by source; and gas by source. 

In each region, crude specif ic* refinery models transform the 
oil to products and in OECD regions detailed capacity and fuel spe- 
cific electrical utility models generate electricity. In non-OECD 
regions, demand is defined to include utility inputs rather than 
outputs, in OECD regions, the principal conversions of metallurgical 
coal to coke, -manufactured and blast furnace gas transactions are 
modeled . 
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FlftUTc B-l . The • IEFS System Structur e 



Supply Models 



o Oil 
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Finally, the transportation of raw materia s and products via 
tankers, bul* carriers, rail, and pioelines is ..jdcled to inter- 
connect the regions. 

• The United States representation in the IKES' models is at two 
levels of detail. For precise representation of the multi-fuel 
substitution capabilities, the PIES model is coupled directly to 
the IEES model, and the two are solved simultaneously with con- 
sistent scenario specifications. Alternatively, for studies 
relating principally to oil, it suffices to represent the United 
States import demand as a price sensitive oil demand in the IEES 
model • 

Caveats and Assumptions 

As discussed in the body of this report, the -results of the 
forecasts must be interpreted with care because they are tied to 
sp Mfic assumptions and do not include future policies or changes 
introduced by other countries or major structural changes that 
could be induced by higher oil prices. - 

A cautionary note is necessary on the subject of links between 
real economic growth and the growth in demand for energy. Althouqh 
the demand forecasts are based intimately on economic growth fore- 
casts, there are feedbacks from the energy market to economic 
forecasts. Thus, a supply shortfall that induced sharply higher 
energy prices would have an effect on the growth of demand, thus, 
easing the shortfall. This effect is obviously much more important 
in nations where imported energy is a larger component of GDP than 
for the U.S. However, as a secondary effect, U.S. growth is itself 
determined by trade with the countries that could be most seriously 
affected. * 

The analysis makes several fundamental assumptions in addition 
to scenario specifications. 

o International energy trade, supply, and demand is 

determined by a classical equilibrium constrained by 
OPEC supplies and prices. 

o The model considers only a partial energy sector equi- 
librium and assumes that the economic effects due to 
linkage of prices on economic growth and international 
trade are considered exogenously. 

o All institutional aspects affecting consumption are 
specifically captured by the time series describing 
consumption and continue at their 1960-1974 trend. 
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o Natural gas pricing in OECD countries is essentially 
average pricing whereas marginal pricing holds for 
all other energy commodities 'including electricity. 

o U.S. product imports arc constrained by heir 1973- 

1975 peak levels as a proxy for product import tar His, 

o The U.S. does not export Alaskan oil or natural gas. 

o All conservation effects currently observed inter- 
nationally are directly attributable to price effects* 

The model's structure varies by sectot . The first Lhree 
sectors to be. discussed, iron and steel, other manufacturing, 
and residential/commercial, are identical in structure where 
fuel substitution is emphasized. The methodology used in the 
determination of these sectoral demands is similar to that 
used in the PIES demand model. The remaining sectors utilize 
either a single equation flow-adjustment representation or static 
formulation depending upon the particular fuel. 



Iron and Steel, Other Manufacturing, Residential and Commercial 

The model structure* encompassing these sectors is identical 
and is designed to capture "budget* elfects through changes in the 
level of prices and fuel substitution effects through changes in 
relative prices* The model can be given the following heuristic 
interpretation: Consumers of energy first determine a total BTU 
budget based upon the level of energy prices, incomes, and past 
behavior and secondly, given the BTU budget, determine fuel choice 
based upon relative prices and past behavior (capital stocks). 

The quantity data is aerived from the OECD publication 
Statistics of Energy , the macroeconomic data comes from che OECD 
Economic Indicators, and the ret. : 1 price data comes from se- 
lected OECD and non-OECD sources. The period of estimation is 
from 1961 to 1974. The estimation technique is a generalized 
least squares method of pooling cross section and time series 
data. 

Figure B-2 illustrates the determination of each sector's 
product demand. The average (value weighted) sectoral energy 
budget per capita is econometr ically estimated as a function of 
a value-weighted price index, gross domestic product (GDP) per 
capita, and a lagged endogenous variable. The value-weighted 
price index is used to account for differences in end-use etfi- 
ciencies, GDP is the measure of economic activity, and the lag 
term is useo to approximate overall capital stock changes* The 
product fuel ratios (ratio of the product to the value-weighted 
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Figure B-2. General Demand and Model Structure 
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energy bugct) are estimated as a function ol the ratio of prod- 
uct price to the valuo-weiqhted average price and a lagged en- 
dogenous variable. The sectoral product demand is simply the 
product o£ the fuel ratio and sectoral demand. 

The only exception to this general .structure is in the iron 
and steel sector where total demand is estimated as function of 
iron and steel production instead of GDP, The iron and steel 
model also attempts to capture indirectly the demand for coke- 
oven-gas and blast furnace gas. Blast furnacegas is captured 
and either used as a source of industrial heat or used for elec- 
trical generation. Since both coke-oven-gas and blast furna e 
gas are by-products, they are not considered as substitutes for 
the budget fuels. 

Transportation Sector 

In the transportation sector, a dynamic flow adjustment 
model is used for each of the major fuels: gasoline, jet fuel, 
and diesel fuel while a static single equation approach is used 
to estimate the remaining minor fuel demands. This method pre- 
cludes fuel substitution in this sector, a result consistent 
with most mode choice decisions. 

Non-Energy Petroleum Secto r 

The fuels comprising this sector are napthas, petroleum 
coke, and the like. Due to data limitations, only total non- 
energy petroleum was statistically estimated using a log-linear 
relationship with the various products, shares were assumed to 
be maintained at their 1974 levels. 

Energy Sector 

This sector represents final energy consumption by producers 
of energy products. For example, a coal mine's consumption of 
electricity in its mining operation appears as final user demand 
in the energy sector. Since consumption in this sector is 
strongly related to production, average historical relationships 
between product consumption and the relevant production variable 
were assumed to hold for the forecast period. Fourteen separate 
relationships were estimated. Examples are: electricity con- 
sumption by coal mines is related to the production of coal; 
electricity consumption by electricity generating plants is re- 
lated to the production of electricity; gar, consumption by the 
gas works is estimated as a function of gas production. 
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jjodei Parameter Kstima to s 

As was previously discussed, the model contains estimated 
fjqudtiorrj tor 4'J oiicrqy products in 19 countries. Therefore, the 
number of estimated equations is well over 100 and too numerous 
to Jist in this appendix. However, the major budget equation 
estimates in Iron and Steel, Other Manufacturing, and Residential/ 
Commercial sectors can be presented. The estimates for the price, 
income, and the lag term aie summarized in Table B-l. For the 
most part, the estimates all have the correct sign — a negative 
sign on the price term and positive signs on the income and lag 
terms. Furthermore, the value of the lag term li'js between zero 
and one, a necessary condition for stability. The values indicate 
a generally good fit across all sectors. 

Model Performance 

The performance of the model can be illustrated grossly by 
the estimated and actual comparison of final demand by region in 
Figure B-3. 



QECD Demand Model Price and Income Elasticities 

In this section, we present a summary. of come of the aggre- 
gate elasticities. In the actual IEES system, most of the 49 
fuels in each of the 4 regions contain both own and cross price 
elasticities of demand. The full elasticity matrix is too 
large for presentation in this appendix, so a summary of some 
aggregate elasticities is presented in Table B-2. 

These elasticities represent the change in the final demand 
of each fuel with respect to a change in the price of all four 
aggregate fuel types. Therefore, each row of the matrix cor- 
responding to own price elasticities should have a negative 
sign, while all other rows should be positive, representing 
interfuel substitution. Except for the (small) negative cross-, 
elasticity between natural gas and other fuels, all* of the cross 
elasticities are positive. 

The GDP elasticities for 1^85 are summarized in Table B-3. 
Except for coal (exclusive of utility consumption), all of the 
elasticities are positive and slightly greater than one in value. 



National Resource Estimates 

The supply estimates (at current real prices) used in IEES 
are derived by analysis of various national forecasts of energy 
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MtartMlK The number* along the am of these graphs are illegible In the best copy 
of thb paper now available from the Department of Energy. 



Figure B-3 Actual and Porecaated Final Demands by Major Region 
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Table B-2 . Aggregate Retail Price Elasticities of Demand 

in Five Major Regions for 1985 

NORTH SOUTH 

U.S. CANADA JAPAN EUROPE EUROPE 

Solid Fuels: 

Solid Fuels -.215 -.75 -.94 -1.02 -.94 

Natural Gas .005 .004 -.008 .03 -.008 

Electricity .011 .009 .006 .03 .007 

Petroleum .002 .002 .002 .02 .002 

Natural Gas: 

Solid Fuels .030 .10 .06 .19 .03 

Natural Gas -.426 -.20 -.12 -.17 -.17 

Electricity .052 -.0008 .002 .00 .005 

Petroleum .013 .01 .006 -.0005 .006 

Electricity: 

Solid Fuels .131 .32 .44 .49 .22 

Natural Gas .228 .08 .04 .07 .09 

Electricity -.376 -.42 -.40 -.41 -.38 

Petroleum .077 .07 .08 .04 .06 

Petroleum: 

Solid Fuels .031 .18 .33 .21 .16 

Natural Gas .062 .10 .08 .05 .06 

Electricity .111 .08 .12 .06 .07 

Petroleum -.263 -.48 -.28 -.31 -.30 



Table B-3 . Aggregate GDP Elasticities in Four Major Regions in 1985 



Solid Fuels 
Natural Gas 
Electricity 
Petroleum 







NORTH 


SOUTH 


CANADA 


JAPAN 


EUROPE 


EUROPE 


-.69 


-.46 


-.72 , 


-.52 


.86 


.92 


.75 


.78 


1.28 


1.19 


1.30 


1.22 


1.06 


1.26 


1.43 


1.33 
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supplies provided by the International Energy Agency ( I EA) , the 
Organization of Economic Cooperation and Development (OECD) and 
other sources. No attempt has been utilized to explicitly model 
the supply potential of other countries, but rather the national 
estimates are used directly, tempered only where necessary by 
FEA judgment to reflect the specific scenarios to be evaluated 
in this report. 

Except for Saudi Arabia, Kuwait, Iraq, the United Arab 
Emirates, Qatar, and Libya, actual production levels by in- 
dividual countries are assumed to be equal to productive 
capacity* However, due to excess oil revenues well beyond 
current economic requirements, the Saudi group of suppliers 
have been willing to accept production levels significantly 
below productive capacity. This group of countries acts as 
the residual supplier of oil to the world and, therefore, 
has economic control of incremental world oil supplies and 
ultimately world oil prices. This incremental production 
is allocated on a productive capacity basis with Saudi Arabia, 
for example, assuming the largest share. Since the model 
treats these countries as the residual source of supply, no 
production limit is imposed. OPEC production sharing per- 
centages are shown in Table B-4. 



Table B-4 . OPEC Production SInar ing Per centages 1980-1990 





1980 


1985 


1990 


Iraq 


12 


.3 


13 


.7 


16 


.9 


Kuwait 


10 


.6 


10 


.2 


10 


.1 


Libya 


8 


.8 


8 


.5 


8 


.5 


Saudi Arabia 


56 


.3 


54 


.6 


54 


.0 


United Arab Emirates/Qatar 


12 


.0 


13 


.0 


10 
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Electric Utilities 

In medium term energy models, utility modeling is the 
most important conversion process because it defines a signif- 
icant capability of substitution among coal, oil, natural gas, 
and nuclear energy to produce electricity. Because these fuels 
have widely differing availabilities and costs, accu. ate utility 
modeling of generation capacity from coal, oil, and gas is 
essential to. capture demand for oil. 

Utility generation models are complicated by the fact that 
the generation cost of electricity is a function of capacity 
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utilization and electrical demand is h function of time of year. 
Base loaded nuclear generation is relatively cheap at high util- 
isation rates but extremely capital intensive. Peak loaded gas 
turbine generation is relatively expensive and has Jow capital 
requirements. Thus, the nature of the load curve has a primary 
influence on the choice of generation types. /2 

Conventional Thermal Generation 

This category includes all conventionally-fired boiler- 
steam-driven power generation. The principal problem is to model 
fuel requirements, fuel type, capacity and generation costs. 

The data sources available dictate a somewhat unique 
approach. Outside of the U.S., most data are readily available - 
for EEC countries (comprising most of Western Europe) and Canada. 
At a lower level, OECD data sources provide good background 
coverage that has yet to be updated. 

In general, existing aggregate thermal capacity is allocated 
by country on the basis of fuel shares at efficiences, Trtiliration 
rates and reserve margins consistent with the latest data year 
available, usually 1975. This is because fuel specific capacity 
data is not generally available. However, data on capacity, gen- 
eration peak loads and also quantity and quality of fuels burned 
are available from OECD sources for 1975. Tables B-5 and B-6 show 
sample fuel shares and specific fuel efficiencies aggregated by 
region. Table B-7 shows utilization rates by country. The his- 
torical nuclear utilization rates are replaced by 0.65 for all 
countries for projection-purposes. 

For EEC countries, Canada and Japan, detailed fuel specific 
capacity data are available, together with recent statistics on 
generation and quantity and quality of fuels burned. For these 
countries, a detailed model of fuel specific capacity is util- 
ized that can allocate multi-fuel capacity to any fuel source 
on the basis of economic choice. 

Fc. existing capacity, fuel efficiencies, utilization 
ratios, and fuel quality are deduced from the most rec< /it * 
statistics of fuels burned. Each unit of capacity is assumed 
to generate 97 percent base electricity and 3 percent peak 
electricity. In addition, existing and planned capacity is 
constrained to be utilized although a lower bound is calcu- 
lated for iill existing capacity based upon a 3 percent per 
annum retirement schedule. If the unit is uneconomic, it may 
be partially retired. 

Fuel quality varies remarkably by region. Tible B-8 
shows the derived qualities utilized throughout the utility 
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Table B-S. Rational Fuel Shares Data (Fraction) 



(Actual Modeling la by country.) 
; Ration 

Canada , 

N. Europa 

S. Europa 

Japan 

Auetralia/Nev Zealand .... 



Coal 


Lignite 


Residual 


0.527 


0.076 


0.153 


0.393 


0.131 


0.264 


0.106 


0.090 


0.700 


0.042 




0.599 


0.706 


0.193 


0.056 



Crude 



0.253 



Natural Gee 

0.244 
0.169 
0.047 
0.055 
0.045 



E.F. Gee 



0.042 
0.057 
0.049 



Total 



1.000 
1.000 
1.000 
1.000 
1.000 



Table B-6. Speci fic Fuel Efficiency In Power Ceneretlon by Region* 
(Actual aodellng le by country.) 



Region 



Coal 
ST per 
MWH 



Lignite 
ST per 
MWH 



Residual 
BBL per 
MWH 



Crude 
BBL per 
MWH 



Natural Gas 
000 CU.FT. 
per MWH 



B.F. Gas 
000 CU.FT. 
per MWH 



Canada 0.479 

N. Europe 0.505 

S. Europe 0.615 

J*P*n 0.434 

Australia/Hev Zealand . 0.400 



0.979 
1.509 
1.574 

1.389 



2.293 
1.725 
1.778 
1.656 
1.463 



1.656 



11.700 
8.646 
9.059 
7.227 
9.593 



95.882 
98.538 
89.813 
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The efficiencies in thie table reflect the varying BTU content of the regional fuele consumed. 
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Historical Utilisa t ion Rato n by Country 



Country* Nuclear Thermal Hydro Ceo-thermal 



WC 0.712 0.460 0.323 

AU 0.421 0.310 

AS.../. 0.440 0.400 

BL 0.440 0.482 0.057 

W 0.341 0.304 

SP 0.799 0.355 0.333 

K 0.427 0.559 

™ 0.674 0.445 0.394 

GR 0.537 0.333 

" 0-752 0.460 0.310 1.000 

*L 0.499 0.112 

IC 0.058 0.550 ** 

J* 0.478 0.524 0.4C9 

l*X 0.497 0.008 

NO 0.281 0.488 

NE 0.717 0.435 0.0 

*R 0.251 0.427 

W 0,664 0.406 0.177 

SW 0.710 0.449 0.534 

SZ 0.685 0.401 0.345 

TO 0.504 0.347 

CA 0.685 0.400 0.642 



♦Country definition is as follows: WG-West Germany; AS-Austria; 
BL-Belgium; DE-Denmark; SP-Spain; FI-Finlanid; FR-France; GR-Greece; 
IL-Ireland; IC-Iceland; IT-Italy; LX-Luxembourg; NO-Norvay; NE-NetherlandS ; 
PR-Portugal; UK-United Kingdom; SW-Sweden; SZ-Switzerland; TU-Turkey; 
AU-Australia/New Zealand; CA-Cnnada; JP-Japan. 
**Derived from production at 100% utilization. 
***Iceland is considered to be energy self sufficient. 

Sources : Electrical Energy Statistic s 1975. Eurostat 

The Electricity Supply Industry in Australia 1974-1975 , 

Electricity Supply Association of Australia 

The Electricity Supply Industry - 23rd Survey, 0ECD 

Statistics of Enorpy 1973/1975 , OECD 

Electric Power Statistics 1975 , Statistics Canada 
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Table B-3 . Weighted Average BTO Content of Fuels to the Utility Sector - 1974/75 



R **ion Coal Lignite Residual Crude Nat. Gas B.F. Gas Distillate 



Canada 21.085 12.958 5.623 5.8 1.015 .112 5.8°5 

N. Europe 20.129 6.983 5.2" 5.8 1.030 .112 5.825 

S. Europe 17.262 7.590 5.342 5.8 1.031 .114 5.825 

Ja ? an 17.717 7. 199 5.669 5.669 1.078 .110 5.669 

Australia/S.Z 23.000 7.198 6.287 5.8 1.032 .112 5.825 



Units - Coal and lignite: 10° BTU/STON; Residual, crude and distillate: lO^BTU/BBL; 
Kat. gas and B.F. gas: io 3 BTO/CU.FT. 
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sector to provide statistical consistency with observed, con- 
sumption data. All internationally traded fuels are defined 
by the global values. 

Complete data on currently planned capacity are known by 
unit to 1980 for all OECD countri, 3. All units are constrained 
to be used. New capacity is modeleo at the regional level 
using PIES data sources for specifications of generic units to 
be built. 

Nuclear, Hydro, and Geothermal Generation 

Data on existing units are readily available giving capacity, 
generation, <md utilization and costs. For nuclear generation, 
the construction of generic U.S. PWR reactors is permitted by 
region to meet an independent forecast of nuclear generation by 
country aggregated to the regional level. 

Utilisation rates of 65 percent are applied to all existing 
and new reactors uniformly for all regions f^r 1980, 1985 end 
1990 projections. However, for Canada, the electricity generated 
by nuclear reactors assumes a 75 percent utilization rate follow- 
ing Canadian experiences with ihe CANCU reactor. 

\. 

Hydro capacity is allowed to expand similarly to levels 
defined by the national hydro-forecasts aggregated b> region. 
However, here the historical regional hydro utilization rates 
are used to contrast the vast difference between some Canadian 
projects and the much smaller European or Japanese projects. 
Geothermal generation is modeled only in Italy based upon 1975 
data. 

Pr icing of Electricity 

Since existing generation costs are not available for most 
countries, the pricing of electricity in IEES is based on the 
marginal cost of generating electricity. In general* the demand 
for electric' ty is greater than existing facilities ( both thermal 
and non-th2r f .al ) and planned thermal consi ictions can supply. 
For that reason, it isonly necessary to supply accurate costs 
for additiordi construction of all power generation plant types. 
The costs in^'^Jed are: 

o Amortized construction costs. 

o Operation and maintenance costs. 

o Marginal fuel costs. 
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Thcso data compare Lavorably with available data on 
national industrial rates for electricity ir most countries 
before taxes. * 

Synthetic Conversion Process 

The synthetic conversion processes modeled by region are 
the various transactions necessary in the production of metal- 
lurgical coke, manufactured gas, producer gas, and briquettes 
defined in the OECD data sources. They are primarily a means 
of tracking metallurgical coal demand and industrial gases used 
for utility generation and are based directly upon the OECD 
annual statistics. 



The IEES refining submodel is very similar to the PIBS 
refining submodel and provides an integrated analysis of the 
muny .crude sources and markets in which the refineries compete. 
The current representation incorporates 43 crudes, 8 refining 
> regions, 6 final product types, and 10 markets. 

The model characterizes the conversion of various types of 
crude oils into "broad categories of refined petroleum products 
demanded in the integrating model on a price sensitive basis. 
It provides the flexibility to produce a variable mix of petro- 
leum products for the future product demand patterns while per- 
mitting the evaluation of the products and the crude oils in 
lite with historically observed price differentials. 



Refinery operations are modeled in a flexible manner. Base 



operating modes are provided for each crude in each refining 
region assuming the 1974 operating conditions. The crude spe- 
cific refining yields are obtained by relating the crude slates 
and the products yielded by these crude slates in the actual 
1974 operations by means of crude oil property attributes con- 
tained in the Refinery and Petrochemical Modeling System (RPMS)A3 
data base. One or more attributes are selected to predict the 
yield of a petroleum product. The average actual product yields 
of the crude slate are assumed to be a function of the average 
actual attributes. Consequently, the ratio of a specific crude's 
attribute to the average attribute for a given product is used 
to predict the yield for the product from the same crude. 

Each distillation activity provides the finished product 
yields and consumes a specific crude. The distillation operation 



Refining 



Base Yields 
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additionally consumes crude unit, cat cracker and reformer 
capacities. The capacity consumption data are crude specific 
for the cat cracker and the reformer. n These coefficients are 
derived in a manner similar to the product yields, i.e., on 
the basis of crude attributes. A cash operating cost is also 
associated with each distillation operation. 

The operating costs are derived from published data/4 and 
include a desulf urization charge above the 1974 desulf urination 
levels. 

Shifts From Base Yields 

The base yields for individual crudes are augmented by 
shift activities to provide the flexibility needed to satisfy 
the changes in the product demand patterns in the marketplace 
within the technical capability of the refineries. As was 
outlined in the introduction, the cost of producing each prod- 
uct in the refining sector determines the product values obtained 
in the IEES model solutions. The product price differentials 
observed in the international markets are taken as "a proxy 
for the production cost differentials among the various products. 
An anlysis of the price differentials in the Rotterdam market 
provided the product cost differential estimates used in the 
representation of the yield shift activities. 

The shift activities allow downgrading or upgrading of the 
finished products into each other on the basis of product price 
differentials. These are derived from representative Rotterdam 
market transactions (expressed as differentials from the value 
of residual fuel oil). The shift costs and the product volume 
debits or credits are represented in the model on a BTU equiva- 
lence basis and preserve the volumetric material balances. 

Refining capacities are modeled for the crude distillation, 
cat cracking and reforming units. Base refining capacities are 
those in existence on January 1, 1977. Refinery capacity con- 
struction activities are provided both for new grass roots re- 
fineries and for debottlenecking the existing facilities. Grass 
roots refineries are built with a crude distillation/reforming 
profile. Cat cracking and incremental reforming may be added to 
the ^ass roots or existing refineries. The new capacity cost 
data for the grass roots refining capacity is derived from ref- 
erences in the Oil and Gas Journal/5 while the construction costs 
for new cat cracking and reforming are derived from the rpms data 
base. 
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Transportation 

The transportation submodel of IEES simulates the inter- 
regional movements of energy resources among. A total of 11 
material-transport mode combinations are represented: coal-rail, 
bulk carrier; natural gas-LNG carrier, pipeline; crude oil-small, 
medium, and large tanker, VLCC, pipeline; oil products-product 
tanker, pipeline. 

Although intra-r egional transportation is not modeled explic- 
itly, estimates of the costs of intra-regional distribution are 
included as a part of the production end refining costs of the 
energy resources. > 

The important physical or technological limitations which 
affect the distribution of energy are described within these 
transportation models. The capacities of the energy transpor- 
tation systems are represented as limits on the total shipments 
between regions. 

The 11 material transport modes inv" ve multiple classes of 
shipping by size category and cargo hand. ' . Four size categories 
of oil tankers are specified in order to reflect the differing 
economics of the Va r ious size tankers and to depict the physical 
restrictions of canal passage and port access. Small tankers are 
defined to be those that are capable of transit through, both the 
Panama and Suez Canals. Medium tankers are specified to be those 
too large for Panama Canal passage but which are small enough for 
the Suez Canal and most ports throughout the world. Large tankers 
are those whose draft requirements prohibit their oirect access 
to most U.S. and Canadian porus but which normally do have access 
to ottrer areas of the world. The fourth class, VLCC, includes 
all tankers which require the availability of superports to 
offload their cargo and which are too laige to transit either 
canal. It is assumed that large si/e tanKers can 'ransit the 
Suez Canal whenever sailing in ballast. This routing signifi- 
cantly shortens the travel rimes of these tankers when returning 

the Persian Gulf from their destinations in Europe and the 
Western Hemisphere. 

Transportation costs associated with tanker movements are 
calculated on the basis of an a\'t»raqe of current snort- and long- 
term charter and called "Average ?reiaht Rate Assessment" or AFRA 
rates. The rates are determined for ejeh size category of tanker 
and are compiled monthly »>y the A:^,"^aLion of Ship brokers and 
A«jents. The rater, nro oxpr o?;r»»Ml .1 |km cont a<jc ol d sot of ref- 
erence freight ratcii called H ./or idscai e , " which are compiled by 
the same association and puhlirhcd per i >r'ically . Thus,, an At'KA 
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9 

rate o£ 75 £or a given size tanker is interpreted to mean that 
the averayc lreiyht rule beim jhurged Is /!> percent of the relcr- 
ence rates over all trade rou.tes tor that size tanker. 

Worldscale rates are specified for each major trade route 
in the world and, in general, vary slightly depending upon the 
ports utilized. However, since this analysis is Jjoncerned with 
the average rates experienced between major regions of the world, 
it is sufficient to express the 1975 worldscale rates in terms 
of a linear regression equation as follows: 

Worldscale Rate » 1.26 ^Distance) ♦ .88 

where distance is expressed in thousands of nautical miles and 
the rate is given in dollars per long ton. The regression was 
derived using a representative set Of ;.975 worldscale rates with 
an R-squared goodness-of-f it statistic of 0.9925. 

A basic assumption in the model is that the current rela- 
tively depressed tanker rates will continue into the foreseeable 
future. This is obviously a somewhat optimistic estimate of 
transportation costs. These costs could be higher by sometime 
in the 1980's if the demand fei tankers is substantially in- 
creased. However, this bias toward lower rates is ndt very 
extreme, as will be explained below, and is done primarily in 
order to be conservative with respect to the impact of trans- 
portation costs on any increases in the price of energy. 

Short term shortages in available tankers have historically 
caused wide variations in the spot and AFRA rates. However, 
these fluctuations will be greatly diminished for at least the 
next five years due to the current excess of shipping capacities . 
that has resulted from the decrease in the growth of demand and , 
the excessive building programs for super tankers that have 
taken place in recent years. It is assumed in IEES that the 
building of tanker capacity beyond 1980 will keep pace with the 
rising demand for oil, and thus, the AFRA rates will continue 
to compare with the long term charter rates and not be biased 
significantly higher due to a shortage. /6 

The shipping rates imposed in IEES are adjusted dynamically 
as a function of the price of bunker fuel. As the price of bunker 
fuel changes, the transportation costs on each route are adjusted, 
based upon the usage of hunker fuel on the route for each type 
o r ship. This is accoinpl ished by subtracting the contribution of 
bunker fuel to transportation costn using current fuel prices and 
then letting the' model determine -the level of bunker fuel to be 
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used based upon the actual usage of ships. The model consumes the 
appropriate quantities of bunker fuel at the prevailing price in 
each region. 

The transportation costs associated with international 
shipments of coal and liquefied natural gas (LNG) were also es- 
tablished via regression analysis using Bureau of Mines data in 
the case of coal and PEA estimates in the case of LNG* The 
freight rates applied in the model are given by the following 
equations: 



where the coal rate is expressed in dollars per long ton and the 
LNG rate is expressed in dollars per thousand cubic feet of nat- 
ural gas. The rates assumed for pipelines in IEES are the same 
as those assumed for the United States. 



Coal Rate - 1.86 (Distance) * 4.96 



LNG Rate - 0.177 (Distance) + 0.189 
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Data Sources 

A great variety of data sources were researched in develop- 
ing the data base for the IEES model. The most useful and 
productive sources are listed here. 

EEC Countries 

1. Eurostate, Electrical Energy Statistics, November 1975. 
OECD Countries 

2. Electric Supply Industry, 23rd Enquiry, OECD, 1972. 

3. 27th Survey of Electric Power Statistics, OECD, 1974. 

4. world Energy Outlook, OECD, 1977. 

5. Statistics of Energy, 1960-1974, Paris 1975. 



Canada 



6. Electric Power Statistics, vol. Ill, 1975, Statistics, 
Canada. 

Japan 

7. Survey tff Japanese Market of Electric Energy Systems; 
prepared for U.S. Department of Commerce by Peat, Marwick, 
Mitchell. 

8. 48tn Semi-annual Electr ic Powec Survey, Japan Electric 
Power Survey Committee, April 1976. 

Australia/New Zealand 

9. The Electric Supply Industry in Australia, 1974-75, 
Electric Supply Association of Australia, April 1976. 



10 



Market Research Study for Australia in the Field of Elec- 
tric Energy Systems, -Price Waterhouse Associates, Julv, 
1975. - 



11. Keports of the New Zealand Electricity Department, 1976 
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FOOTNOTES 



1/ Full details can be found in Derriel Cato's paper, "An 
Analysis of OECD Country Energy Demand," March 1977, 
Discussion Paper No. 1-02-77. 

2/ Full details can be found in Appendix L of the National 
Energy Outlook for 1977. 

3/ RPMS is a commercial data base and matrix generator package 
available from Bonner and Moore Associates, Inc., Houston, 
Texas, for modeling refinery and petrochemical operations. 

4/ The regional operating costs are derived from a Pace study, 
"Determination of Refined Petroleum Product Import Fees," 
July 1976, by the Pace Company, Houston, Texas and consist 
of salaries and wages, utilities, maintenance, supplies, 
and catalyst/chemical usage, and taxes/insurance in 1975 
dollars. 

5/ Oil and Gas Jourqal, July 15, 1974, p. 87 and July 22, 1974, 
p. 60. The estimates for the U.S. Gulf Coast have been ex- 
tended to IEES regions using the location cost factors in 
the latter article. > 

6/ See "The world Petroleum Market," Chapter IV, M.A. Adelman, 
1974. 
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Editor's sole: The following material is taken from Derriel Cato, An Analysis of 
OECD Country Energy Demand. 77-WPIA-19, Washington: Federal Energy Ad- 
ministration, Aug. 1077, pp. 1-12. 
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OVERVIEW OF THE OECD ENERGY DEMAND POrEL 



Introductio n 

The purpose of c this study is to describe the current version of 
the non-U. S., OECD Energy Demand Model. The description, first, 
concerns energy variable definitions as used within the modeling 
structure. Chapter II presents vigorous definitions and displays 
of the energy balance accounts, as well as a growth rate analysis 
performed on the historical data. The main concern of the his- 
torical analysis is to discern sector and product consumption 
patterns of the various countries over the period of observation. 
Following the analysis of energy consumption patterns, growth 
rates of energy prices and macro-variables are displayed. These 
data are presented as an appendix to Chapter II. 

The subsequent major efforts ar$ placed on the model structure 
assumed, econometric techniques employed, and the resulting 
statistical estimates. In order to ascertain the reliability 
of the model, a historical analysis of the model is made and re- 
sulting statistical measures are presented. Finally, the model 
is simulated from 1975 to 1990 under £ reference scenario of 
prices and macro-variables. 

Care must be taken in interpreting the results of this exercise. 
* First, price and other parameter estimates were obtained over 
a period of declining real energy prices and during a period of 
rapid- economic development of most of the countries included 
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in che sample. Secondly, the* simulation* represent unconstrained 
demand forecasts , which necessitates a regime of perfectly clas- 
tic supply conditions to be correct. This presumption can hardly 
approximate a realistic view of the future eneicjy resource mar- 
ket. Therefore, these results are used by the IEES model to 
produce market clearing prices and quantitites. The forecasts , 
are for final demand products only, sometimes referred to as 
secondary or converted energy products. Thus, the conversion 
process to primary energy is not modeled directly. The con- 
version process includes^ among other processes^ the electricity 
generation sector, manufactured gas conversions, and refinery 
operations. It is also important to note that the historical 
analysis indicates a large variability in the statistical sample 
for price, macro, and energy variables. This variability, 
especially in the price term, provides a sound basis for fore- 
casting future demands with rather large price increases. 
(Sample variability, of course, is the mainstay of ecohometric 
analysis.) The econometric exercise concentrates on substi- 
tution and output effects by sector and sector product. 

The remainder of this chapter presents outlines of country and 
product detail, and of the major product model structure. 
Finally, due to its widespread use by international and other 
energy bodies, a review of the M energy/GDP multiplier" concept 
is made and appropriate criticisms are presented. 
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Country and Produ ct Information 

The OECD energy demand model solves energy demands by sector 
and product for each of 19 countries. (Luxembourg is included 
with Belgium. ) 

« 

The model is rich in detail with a total of 6 sectors and 50 
products for each of the 19 countries. 

The demands in much of the analyses are aggregated into four 
regions: Canada, Japan, North Europe, and South Europe; how- 
ever, any other aggregation scheme could be used. The individual 
countries are summarized in Table 1.1. 

table 1.1: OECD Demand Model Region Definitions 

Canada Japan North Europ e South Europe 

Austria Greece 
Belgium Italy 
Luxembourg Portugal 
Denmark Spain 
Finland Turkey 
France 

West Germany 

Ireland 

Netherlands 

Norway 

Sweden 

Switzerland 

United Kingdom 

For most of these countries, the demands for a total of 50 products 
are econometrically estimated . Both the sectors and product detail 
are summarized in Table 1.2. 

-3- 
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Table 1.2: Energy Demand Model Sectoral and Product Detail 



Pinal User Sector 



Model 



Products 



Transportation 



Minor 



Coal 

Liquefied Gases 
Kerosene 
Distillate 
Electricity 
Natural Gas 
Aviation Gasoline 
Bunker Fuel 



Major 



Gasoline 
Diesel Oil 
Jet Fuel 



Iron and Steel 



Coking 



Coke 

Coke-Oven-Gas 
Blast Furnace 



Gas 



Budget 



Coal 

Natural Gas 
Residual Oil 
Electricity 



Other Manufacturing 



Minor 



Coke 

Blast Furnace Gas 

Briquettes 

Lignite 



Budget 



Natural Gas 
Liquefied Gases 
Kerosene 
Residual Oil 
Electricity 



Residential/Commercial 



Minor 



Coke 

Br iquettes 
Lignite 



Budget 



Coal 

Natural Gas 
Distillate (and 

Kerosene ) 
Liquefied Gases 
Electr icity 
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Table 1.2: Ene.gy Demand Model Sectoral and Product Detail (Cont'd) 



Final user Sector 
Non-Energy Petroleum 



Energy Sector 



Model 



Minor 



Minor 



Product 
Naptha 

Petroleum Coke 

Lubes 

Waxes 

Asphalt 

White Spirits 

Other 

Coal 
Ligni te 
Coke 

Blast Furnace Gas 
Refinery Fuel 
Natural Gas 
Electricity 
Still Gas 



Summary Model Description 

The model's structure varies by sector. The first three sectors 
ti> be discussed, iron and steel, other manufacturing, and resi- 
dential/commercial, are identical in structure where interfuel 
substitution is emphasized. The remaining sectors utilized either 
a flow-adjustment equation representation or static formulation 
depending upon the particular fuel. 

FUEL BUDGET/SUBSTITUTION MODEL: IRON AND STEEL, 
OTHER MANUFACTURING, RESIDENTIAL AND COMMERCIAL 

The model structure encompassing these sectors is idential and 

is designed to capture "budget" effects through changes in the 

level of prices and fuel substitution effects through changes 

in relative prices. The model can be given the following heuristic 



interpretation: 
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Consumers of energy fir r ,t determine a total 
BW buaget based upon che l^vel of enerqy 
prices, incomes, and past behavior, and, 
secondly, given the * m U budget, determine 
fuel choice based upon relative prices and 
' pfest behavior (capital stocks). 

?igu r e ,i illustrates the determination of each sectors product 
demanj. The average (value weighted) sectoral energy budget per 
capita is econometr ically estimated as a function of the value 
weighted prices, gross domestic product (GDP) per capita and a 
lagged endogenous variable. Th? value weighted price is used to 
account for differences in end use efficiencies, GDP is the 
measure of economic activity, and the lag term is used to approx- 
imate ove r ^V capital stock changes. The product fuel ratios 
(ratio of product to the value weighted energy budget) re esti- 
mated as a runction of the ratio of product price to the value 
weighted average price and a lagged endogenous variable. The 
sectoral product demand is simply the product of the fuel share 
and the total sectoral demand. 

The only exception to this genei. *\1 structure is in the iron 
and steel sector wtier£ the total demand is estimated as a func- 
tion of iron and steel production instead of GDP. However, 
iron and steel production is, in turn, expressed as a function 
of GDP. The iron and steel model also attempts to capture 
indirectly the demand for coke-oven-gas and blast furnace gas. 
Since both coke-oven-gas and blast furnace gas are by-products, 
they are not consider* * as substitutes for the budget fuels. 
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Figure 1.1: Major Model Description 
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Tfflnr por t a t ion Sect or 
In the transportation sector, a dynamic flow adjustment model is 
used for < ach oC the major fuels, gasoline, jet fuel, and diesel 
fuel while a static single equation approach is used to estimate 
the remaining minor fuel demands. This method precludes fuel sub- 
stitution in this sector, a result consistent with most mode 
choice decisions. 

Non-Energy Petro l eum Sector 
The fuels comprising this sector are napthas, petroleum coke, and 
the like. Due to data limitations, only total non-energy petro- 
leum was statistically estimated using a ^og-linear relationship 
with GDP and the price of residual fuel oil. The various product 
shares were assumed to be maintained at their 1974 levels. 

Energy - GDP Ratio 

Many forecasts of future energy demand are based upon the notion 
of a stable energy growth to growth in real gross domestic prod- 
uct (GDP), referred to herein as the "GDP Ratio." 

The methodology employed is to compute the ratios over some his- 
torical episode and g iven. pro jec ted future GDP growth rates, to 
multiply the GDP projections times- the GDP-Ratio to obtain pro- 
fited energy demand. Usually judgment is used to modify the 
historical ratio .to allow for sundry effects — expected future 
price effects, conservation effects, energy-GDP feedback 
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effects. And usually come "norm" ratio is usod to ropror.ont a 
particular country copending upon itc; stage of cicvel opnaur . 
While forecasts cannot be criticized, methodoloqios can. Table 
1.3 contains historical GDP Ratios for total primary encrqy and 
total final aemand qi various OLCD countries; a o ar< tho table 
indicates, these vary considerably across countries. - 

Assume ior the moment that energy demand (E) depends on log- 
linearly entirely upon real energy price (P) and real GDP, and 
no feedbacks, then equation (1.1) depicts energy demand. 

(1.1) In E = a + b In P + c In GDP 

Taking derivations of (1.1) with respect to time yields (1.2) 

(1.2) d In E _ h d In P . _ d In GDP 
^t b dt c dF~ 

These relationships can be grouped realistically as in Figure 

1.2. The energy growth is larger than GDP growth" since de- 

clining energy prices influence energy growth in a positive 

way (b>0) . 

An examination of Figure 1.2 reveals the limitations of the 
Energy-GDP ratio. Over the historical period, the growth of 
real GDP is secularly positive. whereas the growth of real en- 
ergy price is negative. The. Energy GDP ratio is: 

d In E / d In GDP 
dt 3t 

However, given the forecasted increasing real energy price and 

constant GDP growth, the ratio analysis would lend one to 
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Table 1.3: Historical Ratio Energy Growth, to Rt;al GDP Growth 



Tot.il 


1960-1973 

Consumption Total 


* 

K.imil Domain! 


Urowtli Uato 
Kf.il Cl)l», 


Con.ida 


J. 31 




1.19, 


5.65 


Japan 


i.ll 




1.19 


10.18 


Austria 


1.17 




1.14 


5.24 


BelLux 


.95 




.96 


5.07 


Denmark 


1.19 




1.14 ' 


4.62 


Finland 


1.77 - 




1.96 


5.34 


Prance 


1.14 




1.05 


5.59 


W. Germany 


.95 




.93 


4.7A 


Greece 


1.35 




1.18 


8.27 


Ireland 


1.54 




1.47 


4.40 


Italy 


l. r ,4 




1.79 


4.64 


Netherlands 


1.57 




1.52 


5.69 


Norway * 


1.40 




1.31 


4.44 


Portugual 


1.22 




1.13 


7.07 


Spain 


1.39 




1.43 


6.67 


Sweden 


1.57 




1.39 


3.75 


Switzerland 


1.56 




1.59 


3.62 


Turkey 


1.44 




1.39 


6.71 


United Kingdom 


.73 




0.51 


3.00 


United States 


1.16 




0.92 


4.30 
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Figure 1.2: Secular Growth: Energy, Price, and GDP 
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project constant growth in energy , but price effects would 
reduce energy growth unless (b=0). Finally, this analysis in- 
eludes norte of the stock dynamics which are so critical to 
enei jy~analysis. 



7 The Nonfuel Minerals Sector 



Introduction 



The development of nonfuel minerals projections in- 
volve! two aspects analogous to those used for fuel 
mineral projections: the geological and economic classi- 
fication of nonfuel mineral resources, and the economic 
estimation of supply and demand balances for various 
nonfuel minerals. 

The model or methodology used by the U.S. Govern- 
ment for the geological and economic classification of 
nonfuel mineral resources is the so-called "McKdvey 
box." This philosophical scheme for resource classifica- 
tion is described in the first chapter of Mineral Facts and 
Problems, the primary nonfuel minerals report published 
by the Department of the Interior (DOI). This introduc- 
tory chapter is reproduced here in its entirety. 1 

The economic estimation of nonfuel minerals supply 
a ? d demand is also taken up in Mineral Facts and Prob- 
k.ns. The DOI methodology for estimating future non- 
fuel minerals supply and demand balances is described in 
the introductory chapter of Mineral Facts and Problems. 

The nonfuel minerals projections provided in Mineral 
Facts and Problems and dther DOI reports could not 
meet the Global 2000 Study's needs for regional 
disaggregation. To obtain more disaggregated projec- 
tions, the Study followed the recommendation of the 
Department of the Interior and used projections 
developed by Professor Wilfred Malenbaum of the 
University of Pennsylvania. Professor Malenbaum's 
methodology, known as the Intensity of Use (IOU) 



methodology, is described in two studies he has con- 
ducted for the U.S. government. 

The first of Professor Malenbaum's two studies 2 was 
done in 1972 for the National Commission on Materials 
Policy- This study contains a relatively brief description 
cf the IOU methodology in a section entitled, * 'Research 
Scheme." This one section of Professor Malenbaum's 
1972 study is reprinted here. 

The second Malenbaum study 5 describing the IOU meth- 
odology was done in 1977 for the National Science Foun- 
dation. Thk discussion of the IOU methodology is more 
extensive in this study. Part II (The Research Scheme), 
Part III (World Economic Growth: The Prospect for 
1985 and 2000), and the inventory pages of Part IV 
(Intensity-of-Usejrare reprinted here. 
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THE IMPORTANCE OF MINERALS IN THE U S. ECONOMY— 1776-1976 
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The contribution of minerals to the growth 
and development of the United States is best 
demonstrated by the uses which have evolved 
during the past two centures. 

During pre- Revolutionary days the colonies 
were essentially agricultural in character, pro- 
ducing cotton, tobacco, ric.e, indigo, grains and 
flour, fish, livestock, dairy products, and timber. 
Shipbuilding was the major manufacturing in- 
dustry. In 1763, the total value of exports for 
Virginia, Maryland, New York, Pennsylvania, 
and Massachusetts was £2,722,000, of which 
£55,000, or 2 percent, was for "cooper ore, and 
iron in pigs" (?)» and £49,000 was for 2J.OO0 
barrels or hogsheads of "pot-ash." The value of 
75 ships built for sale in 1763 by the colonies 
was £61,500. 

At the time of the Revolutionary war, mineral 
materials used per capita are estimated to have 
been about 1,200 pounds, consisting chiefly of 
sand and gravel, 1,000 pounds; brick and lime, 
about 112 pounds; coal, 40 pounds; iron, 20 
pounds; ana the balance for copper, glass, lead, 
potash, salt, nitrates, sulfur, and zinc (14). 

During the 1776-1976 period, the population 
of the United States has increased from about 
2.5 million people to more than 215 million. 

Currently, the annual output of the U.S. 
mining, mineral processing and refining, min- 
eral reclamation, and energy industries is worth 
more than $270 billion. More than 4 billion tons 
of new mineral supplies are needed every year 
in the U.S. economy. From a meager per capita 
consumption of minerals of abou' V2 ton in 
1776, the annual per capita consumption has 
increased nearly forty-fold, to about 20 tons per 
person today. 

During the first 100 years, science, invention, 
and discovery evolved slowly; and so did manu- 
facturing and the production of minerals re- 

3uired to support manufacturing. However, the 
iscoveries, inventions, and other developments 
in the United States and abroad during this 
embryonic period constituted a springboard for 
the greatest explosion in inventions, discoveries, 
innovation, and economic progress the world 

' tiatkiard Humbert m jwrrmhnei relet to items in the Iw of references at the 
end of th« chapter 



\ 

has ever witnessed, not only in the United 
States, but in the industrial nations of the world 
as well. Paralleling this exponential economic 
growth, is the expanding production of minerals 
* and energy materials, which are critically essen- 
tial to the growth of industrial nations, and vital 
to ward off the periodic attempts of world 
political forces to wipe out the system that made 
all this progress in humanity possible. 

The accompanying chronology of inventions 
and discoveries in the United States and abroad 
is highly selective, compiled to identify some of 
the important events that mark the progress of 
the United States and the world, and the parallel 
contribution of the minerals industry to that 
progress. Figures 1 to 10 show the historical 
production pattern for gold, silver, pig iron, 
coal, copper, aluminum, lead, zinc, natural gas, 
and petroleum. The charts and tables in 1 the 
chapters of the volume present production and 
consumption data for more than 100 mineral 
commodities for the United States and the rest 
of the world. 

Many of the inventions and discoveries cited 
in the chronological table resulted in the devel- 
opment of large industries, which in turn made 
heavy demands on tne mineral productive ca- 
pacity of the United States. The automotive 
industry is a dramatic example. 

During the late 1800's numerous inventions cf 
internal combustion engines were made, and 
between 1880 and 1900 numerous custom-made 
models were built in the United States and 
abroad. By 1903, when first reliable motor-car 
statistics were available, production was reported 
as follows: 

Frmca 30,204 

UnrtodStaJM 11.236 

Grwt Britain 9,437 

Qtmwty 6,904 

Bakrium 2.839 

Italy 1,306 

Totol 61,927 

In 1904, Olds of Detroit manufactured the 
first mass-produced (more than 10 per week) 
motor car. In 1908 Henry Ford iiuroduced the 
Model T and also assembly-line production, 
.which gave great impetus to the motor vehicle 
manufacturing industry. 
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Figure I .—Population of the United States in million of 
persons, 1800-1975(6.7). 

In 1975, motor vehicle production of passen- 
ger cars, trucks, and buses totaled 8,981,580 
units. Total for the world was 33,193,154 (2). 
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Figure 2 — U.S. annual production of principal raw min- 
eral commodities in billion actual dollars, 1800-1975 (6,13). 

TIME CAPSULE, 1776-1976 

Discoveries inventions, and developments that 
had an impact of the economic and industrial 
growth of the United States and other industrial 
nations of the world are listed in a highly 
selective md telegraphic style. No attempt has 
been made to catalog the vast number of 
discoveries, inventions, and developments that 
occurred in the 1960's and 1970's. 



t Quantities of minerals and fuels required by 
numerous other industries are given in the 
supply-demand tables and charts of each com- 
modity chapter, where the amounts required for 
various end uses such as transportation and 
machine manufacturing are identified by Stand- 
ard Industrial Classification (SIC) numbers of 
two, three, and four digits. 

The role of minerals in the U.S. economy at 
present is depicted in figures II to 19, which 
include per capita consumption of minerals and 
fuels; production of steel, aluminum, and petn>- 
leum; exports and imports; scrap reclaimed; 
production of plastics which are dependent 
upon mineral and petrochemical raw materials; 
and transportation requirements of the minerals 
industry. See pages 8 to 14, inclusive. 

The "Time Capsule" which follow? ; s printed 
beneath graphs which show the interdependence 
that exists between invention and industrial 
development and the production of minerals. 



Pre- Revolutionary Period 

1621. The coal-fired blast furnace was used for iron 

smelting in Great Britain. 
1624. First wooden submarine was built by the Dutch and 

operated successfully on the floor of the Thames' 

River. 

1627. Earliest record of oil in the United States near what 

is now Cuba. N.Y. 
1629. The steam jet turbine was described. 
1634-74. Coal was noted in northern Illinois. 
1643. A gas-turbine device consisting of a rotor driven by 

hot rising gases in a cylinder was demonstrated in 

Great Britain. 

1661-61. Ficst use of black powder and hand drilling in a 

public-works tunnel in France 
1684. First agricultural application of steam power m 

Great Britain 

1734. P<*itivc and negative electric charges were recog- 
nized 

1735. Brandt discovered cobalt 

1741. The centigrade temperature system was introduced 

by Celsius of Sweden 
1743. The water turbine was demonstrated 
1745. The Leyden jar was invented to store electrical 

charges 
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Figure 3 —Coal production in the United States in million tons, 1800-1975 (#,9) 



1745. The first blast furnace was installed in Great 
Britain. 

1747. Atmospheric clearicity^was discovered b> Benjamin 
Franklin. 

1748 The first oal mine was opened near Richmond. 
Va, 

1751. Nickel was isolated by Axel Cronstedt of Sweden. 

1752. The first lightning rod was installed by Benjamin 
Franklin, 

1754. Andreas Stgismund, of (Germany, 'proved aluminum 
to be a distinct earth metal. 

1755. The first iron bridge was built in France 

176$. The first record of anthracite in the United States 
1764-79. Spinning machinery was developed in Great 
Britain. 

1766. A five-ton copper boulder was discovered in the 
Lake Superior are si 

1767. The first cast-iron railway track was installed in 
Great Britain. 

1766. Anthracite coal was used in forges in Pennsylvania 
1776. A self- propelled, steam-driven gun carnage was 

constructed in France. 
1771. Fluorine was discovered 

1774. Chlorine was discovered. 

1775- 1601. Machine tools were developed in Great Brit- 
ain. 

1775. Natural gas was discovered in the Ohio Valley 

1776. Cannons ^ere cast at the furnaces at Warwick and 
Reading, Pa. 

1776. Anthracite was shipped to the Continental Ord- 
nance at Carlisle, Pa 

1777. The first iron boat was built in Great Britain 
1776. The first duplicating machine similar to modern 

offset printing equipment was invented in Great 
Britain 

1776- 1646. Catalytic action was discovered by Bercehus of 
Sweden 



1779. The first rotating steam engine was built in Great 
Britain. 

1779. The first factory machinery was driven by steam 

Fiower in Great Britain 
ron making was established in every one of the 13 
states. 

1780. Native copper was mined at Santa Rita, N.M. 

1781. Tungsten was identified by K.W Scheelc of Swe- 
der 

I78t. Tellurium was discovered by Muller von Richen- 
stc n of Germany 

1782. Hjclm isolated anu named molybdenum 



Post-Revolutionary Period, 1783 to Date 

1785. A process to prepare malleable platinum was pat- 
ented in France 

1785. Firso textile machinery driven by steam power in 
Great Britain 

1785. Coulomb, of France, formulated the law of electron 
charges. 

1789. Electrolysis was demonstrated in Holland 

1789. Uranium was discovered by Klaproth of Germany 
1769. Zirconium was discovered by Klaproth of Germain 

1790. Titanium was discovered by Gregor of Great Brit- 
ain. 

1790. The first commercial steamboat tfas launched by 
John Fitrh on the Delaware River 

1790. The first battery was made by Volta of Italy 

1791. Gal vant discovered the principle of bimetallic bat- 
teries. 

1791. John Barber patented the gas turbine in Great 
Britain 
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Figure 4. — U S mine production of gold in million ounces, 
1 840- 1 975 (6,*,//). 

Time Capsule, 1776-1976 (Continued) 

1793. Eh Whitney invented the cotton gin. 

1793, Metric weights were introduced in France. 

1794, Yttrium was discovered and named by Gadolin of 
Sweden 

1797. Beryllium was discovered by Vaucjueltn of France 

1797. Chromium was isolated by Vauuuelin of France. 

1798. A reverberatory lead smelting furnace was installed 
at Herculaneum near the Mississippi River. 

1799. Electrotyping was discovered by Volta of Italy. 

1800. The steam engine was usea to operate a blast 
furnace 

1800. The electric battery was invented by Volta of Italy 

1800. Electroplating was demonstrated in Germany 

1801. Columbium was discovered by Charles Hatchett of 
Great Britain 

1801. Tantalum Has discovered 

1802. The dry battery was invented by George Behcrns. 

1802. The electric arc Has discovered by Sir Humphrey 
Davy of (*rejt Britain 

1803. The first pure platinum Has produced by Wol las- 
ton 

1803. A steam locomotive was built in Great Britain 

1804. Osmium and indium were isolated and named by 
S. Tenant 

1804. The first steam-driven electnc locomotive operated 

in Wales, Great Britain 
1804. Production of lead at Mine LaMotte (Missouri) 

during the previous 81 years totaled 8,000 tons 
1804. A steamboat in New Jersey Has fitted with the first 

scren propeller. 

1807. Lithium was discovered by Arfvedsen of Sweden 

1808. The first practical typewriter was built in Italy. 

1809. The first steamboat operated in the open sea from 
New York to Philadelphia Time required 13 days 

1807. Davy discovered sodium by electrolysis. 
1813. The first rock drill was invented. 

1816. Baltimore, Md., was the first city in the United 
States to light streets with manufactured gas. 

1817. Selenium was discovered by Bcr/elius of Sweden 
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Figure 5. — U.S. mine pi iuction of silver in million 
ounces t I860M975 (6,0,77) 

1817. Cad mium was isolated and named by Strohmeyer 
of Germany 

1847. First use of coke instead of charcoal for smelting at 
Plum sock, Pa. 

1819. The first steamship crossed the Atlantic Ocean, 
from Savannah, Ga. to Liverpool, in 27 days. It was 
a paddle-wheel ship. 

1820. Ampere discovered the magnetic effect of electric- 
ity 

1820. Oersted discovered the magnetic field around an 

electric conductor 
1820. The galvanometer was invented and named after 

Galvani of Italy 

1820. The electromagnet was discovered by Davis, of 
Great Britain; also by Oersted of Denmark 

1821. Michael Faraday, of Great Britain, demonstrated 
the electric motor 

1821. First natural gas well was drilled in Fredonia, N Y 

1821. First natural gas was transported by hollow-log 
pipeline from Fredonia, N.Y. 

1822. Thomas Seebeck discovered the principle of ther- 
moelectricity 

1824. Berzelius, of Sweden, produced pure silicon and 
pure metallic Zirconium. 

1824. Sadi Carnot discovered the basic, principle of ther- 
modynamics in France. 

1825. The first railroad locomotive was built at Hoboken, 
N J 

1826. Ohn's Law was formulated 

1828. Thorium was discovered by Berzeliu* of Sweden 

1829. The electric transformer was invented by Joseph 
Henry of United States. 

1829. The first steam yacht was built in Great Britain. * 

1830. Vanadium was discovered and named by Sefstrom 
of Sweden, 

1830. Compressed air was used for tunneling in Great 
Britain. 

1830. The steam hoist was developed 

1830*9. McCormick invented the reaper and the steam- 
powered threshing machine This Has the begin- 
ning of the mechanized agricultural age. 
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figure 6 — U S mine production ot lead and zinc in 
thousand tons, 1860-1975 {6,8,11) 

1891. The first commercial steam turbine was built in the 

United States by William Avery 
1891. Faradav built the first electric generator 

1891. The first electric dynamo was invented in France. 

1892. The *ater turbine *as developed in France 
1892. The first railroad was built in the United States. 
1899. Thomas Davenport invented the electric motor in 

the United States 
1899. Faraday suggested that the current is tarried in an 

electrolyte by ions 
1899. An'hraote coal *as used in metal production in the 

United States - 

1894. The principle of semiconductors and transistors was 
recognized 

1895. Csood gray forge iron *as produced with coke. 

1896. Darnell invented the wet cell 

1896. Joseph Henry Morse completed the first telegraphic 
device 

1897. The first electric motor was patented in Vermont 

1898. 7 he induction coil was constructed by Grafton Page 
in the United States 

1899. A three-stage air compressor was patented. 

1899. The first commercially successful photographic 
process was introduced by Daguerre of France 

1899. The first camera was marketed by UiToux of* 
France 

1899. The first experimental eleanc locomotive was oper- 
ated between Washington and Blade ns burg. 

1840. This date is regarded as the beginning of the Age 
of Electricity because the numerous discoveries by 
Gal van i, VoUa. Ampere, Ohm. Faraday, Franklin. 
Henry and others -re put into practical use. 

1841. John A Roebtmg invented an improved method of 
drawing wire and spinning cables foi bndges and 
hoisting 

1842. Coking coal Has discovered in Pennsylvania. 

1849. The first telegram service was installed in Great 
Britain 

1849. By this time the railroad trackage installed in the 
United States totaled 4,026 This increased to 
93.262 miles by 1880. 258.238 miles by 1924. and 
354.000 miles by 1973 
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Figure 7. — U.S. mine production of copper, and 
aluminum metal production, 1860-1975(6,9,/)). 

1843. First steam shovel excavator operated in Great 
Britain 

1849. The first aitificial fertilizers (superphosphates) were 
sold in Great Britain. 

1844. Artificial hydraulic cement was manufactured 
1844. Ruthenium was named and discovered by-C Claus 

1844. First prospecting rights for copper were issued in 
the Upper Peninsula, Michigan. 

1845. Raw bituminous coal was first used m blast fur- 
* naces. 

1845. Iron ore was discovered in the Lake Superior 
district. 

1845. Coppejr production started in Upper Mtchiga 1. By 
1895 production from this area totaled 129.3 mil- 
lion pounds. 

1846. Hrst rotary powered printing press instated in 
Philadelphia 

1846-49. Gold Was discovered in the Black Hills of South 
Dakota, but not revealed by discoverers. 

1847. F irst insulated electric cables were made in Great 
Britain 

1848. Flood lighting with electric arc lights was intro- 
duced in-Great Britain 

1848. The first oil refinery was established in Great 
Britain. 

1848. Discovery of gold in California. 
1848. Gold was discovered by Russian mining engineers 
on the Kenai River, Alaska. ^n* 00 * 

1848. First iron ore was smelted successfully in the Lake 
Superior district 

1849. The microscope was first used to study physical 
metallurgy. 

1849. The compressed air rock drill was invented 

1849. The U.S. Department of the Interior was created. 

1851. Overseas telegraph service by submarine cable was 
initiated in Great Britain. 

1851. The first domestic sewing machine was manufac- 
tured in the United States by Singer The first 
electrically driven machine was made in 1889," 

1851. Gold was discovered in the Deer Lodge County 
area of Montana. 

1853. The rotary cultivator was introduced. 
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Time Captule, 1776-1976 (Continued) 



1855. The first practical computer was built in Sweden 

1856. Synthetic coal tar dyes were developed. 

1806. Michael Faraday produced the "first aluminum elec- 
trolyucally 

1857-71. Kail-mounted dril! carriages, hydraulic-ram air 
compressors, and compressed air drills .were used to 
drive the Mont Grnis tunnel in the Alps. 

1857. The compressed air rock drill was developed in 
France. 

1858. Atorruc weights were pioneered by S. Canenzarro 
of Italy. 

1858. The Comstock Lode was discovered in Nevada. 

1859. Coking coal wa* used to smelt iron ore in Pitts- 
burgh. 

The cathode rav tube was discovered 
4. Designated as the birth of Colorado's mining indus- 
try. Gold was discovered at Clear Creek. 

1859. Oil was discovered at Titusville, Pa. The first oil 
well was drilled. 

1859- 60. Intensive prospecting was tarried on in the 
Colorado Rockies. 

1860. Cold rolling of steel was developed at Pittsburgh. 
1860. Cesium was discovered by Kirch hoff of Germany. 
1860. An expedition was organized in San Francisco to 

prospect for gold in the Southwest. Gold was 
discovered near Pinos Altos, N.M. 

1860. The first oil refinery was builr near Titusville, Pa. 

1860. Sir Henry Bessemer invented the Bessemer steel- 
making process in Great Britain. 

1860. First synthetic rubber was made. 

1860. The first internal combustion engine was produced 
commercially in Italy. 

186Cs. The dry tell battery was developed. 

1860- 70. Extensive prospecting in the Southwest resulted 
in numerous mining operations and prospects in 
Arizona and New Mexico. n 

1860. Leadville, Colorado, was established. 

1861. Rubidium was discovered by R.W. Buasen of ger- 
many. 

1861. About 5,000 prospectors were active on the South 
Fork of the Clearwater River in Idaho. By 1962 the 
number in the general area incjxased to about 

20,000. 

1861. Artificial refrigeration was demonstrated in Aus- 
tralia. / , 

1862. Thallium was discovered by Sir William Crcx>kes of 
Great Britain. 

1863. Natural gas was used U,r industrial purposes at East 
Liverpool, Ohio 

1865. Angstrom developed the Angstrom unit to measure 

spectrum lines. 
1863. The first self-propelled submarine was Jaunt hed in 

France. 

1863. The first motor car was driven by an internal 
combustion engine by Lenoir of Belgium. 

1863. Reich and Richter isolated and named indium in 
* Ciermany. 

1864. First lode claims for silver were located at Butte, 
Montana. In 1878, the output of gold and silver in 
the area was valued at $1 2 million. 

1864. Bacteria* discovered by Pasteur in France. 

1864. The open-hearth furnace was developed in Frame 

1864. The St. Joseph Lead Co was organized to mine 

and smelt Uftd in Missouri. 
1864. (iold-lead silver mining started in the area of Utah 

near Salt Lake City 



Figure 8 - -U.S. pig iron production in million tons, I860- 
1,975 (6) 



1865. The railroad tank tar was developed to transport 
crude oil 

1865. The first company to distribute natural gas was 
formed at Fredoma, N Y 

1865. The first oil pipeline was laid to transport oil 5 
miles from Pithole City to the Oil Creek Railroad in 
Pennsylvania 

1866. The first thermosplastic material was made from 
nitrocellulose by Alexander Parkesof Great Britain 

1866. The first radio signalling system was operated in 

the United States 
1866. The Atlantic cable was installed 

1866. The first mining taw applied to lode claims was 
passed 

1867. Helium was discovered 

1867. Dynamite was invented by Alfred Nobel 
1867. United States purchased Alaska from Russia. 
1867. The tubular boiler was inunted by Babcock and 
Wilcox. 

1867. The first barbed wire was made in Ohio 

1868. First shipment of copper from Bingham Canyon, 
Utah 

1868. Gold production at Virginia City. Mont , totaled 
about f 30 million 

1869. First diamond drill brought to Bonne Terre, Mo., 
from France 

1869. Mendeleex published the periodic table 
1869. The first transcontinental railroad was completed in 
the United States 

1869. Electrolytic refining was installed at South Wales, 
Great Britain 

1870. The Standard Oil Company of Ohio was formed by 
John I) Rockefeller and associate* 

1870's. The magnetohydrodynamic principle of generat- 
ing electricity was recognized 

1 8 70's. The thermoelectric principle of generating elec- 
tricity was discos* -rd 

1871. Ingersoll Ram' nted the nnk drill 

**72* First mir.mg law pertaining to placer claims was 
passed 
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Figuie 9 — L' S crude oil and lease condensate production 
in million barrels, 1860-1975 (8,9) 

1872, The Mining La* of 1872 also specified local 
recording of claims, required assessment work, 
specified hem surface boundaries were to be estab- 
lished, and granted apex rights. 

1873. The zinc -mercury hatterv \.as developed 

1873. I he effect of light on the selenium tell was 
discovered 

1873. The linotype was introduced 

1874. General Cluster reports presence of gold in the 
Black Hills of South Dakota 

1874. The phase rule of metallurgv was formulated Ly 
Willard Gibbs 

1875. Gallium was first isolated by De Boisbaudran of 
Fr<*n< e 

'875, The continuors compressed air brake was invented 

b\ George Westing house 
1875, The first battery-powered dental drill was operated 
1875-85. First principles of modern petroleum engineer- 
ing and geology were established hy the Pennsylva- 



nia Geologic al Survev 

Scandium was discovered hy Iars Nilson of awe- 
den 

The telephone was demonstrated by Alexander 
Gra Mm Bell 

The Homestake mine was located in the Black 
Hills, S3 The Homestake Mining Co was organ- 
ized in the Following ^ar 
Liquid oxygen was prodtaed in Switzerland 

1876. The gasoline engine was devel >rd in Germany 

1877, The smelter was built at feadviitv, Golo 
The copper wealth near Bisbee, An/ , was discov- 
ered 

The first practical electric furnace was installed in 
Great Britain 

the Grookes tube was invented hy Sir William in 
Gr ^t Bru 1 

Trionias Kdisoi discovered ihe thermionic electric 
generating principle 
Ytterbium was discovered 
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Figure 10— U.S. marketed oi .taction of natural gas in . 
billion cubic feet. 19CO *975 (8,9). 

1878. Thulium was discovered 

1879. Radiotf legraphy was demonstra .d in Great Britain 
1879, Thomas A Edison invented the incandescent lamp. 
1879, The U.S Geological Survey was established 
1879-83. Numerous gold mining claims and prospects 

were operated in the Coeur d'Alene district of 
Idaho. 

1879. First major oil pipeline was completed. 110 miles 
from Pithole City to Williamsport, Pa 

1880. Gold was discovered at Cripple Creek. Colo, by 
Robert Wo mack. 

1880. A tunnel was bored with a pneumatic tunneler in 
Great Britain. 

1880. The first electric passenger elevator w perated in 
Germany. 

1880. The hydraulic rock drill was introduced 

1881. The generation of alternating current was patented 
in Europe by French and British inventors. 

1881. The spindle-type cotton picking machine was in- 
vented by Angus Campbell 

1881. The Anaconda Silver Mining Co was organized in 
the Butte area. 

1881. The first hydroelectric power station was operated 
in Surrey, England. 

1881. First incandescent street lights were installed in 
Great Britain. 

1882. The first central station to supply electric power 
was installed in. London, England A second was 
installed in New York City. Both were built by 
Thomas A. Edison. 

1882. A steel ocean liner was constructed in Great Biaain 

1883. The first application of cryogenics was reported. 
1883-87, Svamte Anhenius, of Sweden, worked out the 

quantitative theory of ionization 

1883. The anticlinal theory for oil accumulation was 
confirmed by drilling. 

1884. Sir Charles Parson built ihe multiple-stage steam 
turbine in Great Britain. 
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' ROLE OF MINERALS IN THE U.S. ECONOMY 

(ESTIfc ATEH VALUES FOR 1975)^ \ 



U.I. NATURAL 
RESOURCES 

hocks. minerals 
crude oil. coal 

GAS. WATER. AIR. 
SOLAR ft GEOTHERMAL 
ENERGY. ETC 



EXTRACTIVE 



INDUSTRIES 

INCLUDING 

MINING, 

QUARRYiNG. 

OIL A GAS 

PRODUCTION. 

ETC 



OOMf STIC MINERAL 
MAW MATERIALS 

petroleum. coal, 
gas. iron ore. 
•auxite.5ano. 
gravel stone etc 

VALUE 
$•3 BILLION 



MINERAL 



IMPORTS INTO US. 
OF MINERAL HAW 
MATERIALS 

PETROLEUM, IRON ORE 
SAUXITS, ETC 

VALUE 

$21 BILLION 



► PROCESSING 
[ INOUSTRIES, 

INCLUDING 
SMELTING. 
REFINING. 
AND ENERGY 
GENERATION ANO 
TRANSMISSION 



ENER3Y ANO 
fROCESSCD MATERIALS 
OF MINERAL O ilN 

» UELS. ELECTRlCliY. 
STEEI. ALUMINUM. 
COPPER. OTHER METALS 

•RlCK. glass, cement 

CHEMICALS, PLASTICS 
FERTILIZERS. ETC 

VALUE 

$270 BILLION 
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BUREAU MINES, U.S. DEPARTMENT OF THE 

INTERIOR (Based in part on U.S. Dapartmant of Commerca data) 



IMPORTS INTO U S 
OF ENERQV AND 
PROCESSED 
MATERIALS OF 
MINERAL ORIGIN 



FUEL OIL. 

STEEL ALUMINUM. 

CHEMICAJI etc 

VALUE 

111 BILLION 



EXPORTS FROM US 
OF MINERAL RAW 
MATERIALS, ENERGY 
ANO PROCESSED 
MATERIALS OF 
MINERAL ORIGIN 

coal molybocnum 
chemicals steel 
fertilizers etc 

VALUE 
»1i BILLION 



Figure 1 3. — The role of minerals in the U S economy based on estimated values for 1975 {13). 



Time Capsule, 1776-1976 (Continued) 



1885. W.A Clark opened the United Verde mine in 
Ari7ona 

1885. Petroleum tracking was developed in the United 
States. 

1885. The Bu>iker Hill mine was discovered in Idaho. 

1885. The first film motion picture images were pro- 
duced in France by Le P *nce He applied (or a 
U S patent in 1886. 

lo85. The first motorcycle was patented in Germany 
f885. Eastman invented a machine to make photgraphic 
paper in rolls 

1886. Westin^house demonstrated the practicability of 
alternating current energy in Massac hu'etls. 

188*. Hall, of Unittv, Stales, and Heroult. of France, 
discovered the electromelallurgical process of pro- 
ducing aluminum independently 

1886. The linotype *as used lo set type for the New York 
Tribune. 

1886. Winder, of Germany, isolated and named germa- 
nium 

1887. Th" Bunker Hill and Sullivan Mining 8c Concen- 
trating Co. wan organized in Idaho 



1887. The first electric heater whs patented 

1887. Steel was first used in pipelines. 

1888. The principle of radar was discovered 

1888. Manganese sleel was produced by Robert Hadfleld 

1889. Ihe Pelton water turbine was patented in the 
United States. 

1889. An electric oven was built in Switzerland 

1890. Gold strike at Cripple Creek. Colorado 

1890't. The electrochemical process was developed in the 
United States 

1890't. Marconi developed first radio sending equipment 
1890. First petrol-driven mo.or boat was built in Ger- 
many. 

1890. The first compression-ignition engine was devel- 
oped commercially by Akroyd-Hornshv in Great 
Britain 

1890. The aluminum saucepan was manufactured 

1891. The first high-pressure, long-distance pipeline was 
installed to transport oil 120 miles from Green town. 
Ind , to Chicago, 111 

1891. Motion pictures were demonstrated publicly in 
West Orange. N J 

1892. First concrete rord was built in Ohio 

1892. First long-distance telephone call completed from 
New York to Chicago 
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ABOUT 40000 POUNDS OF NEW MINERAL 
MATERIALS ARE NOW REQUIRED ANNUALLY 
FOR EACH US. CITIZEN 
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U.S. TOTAL USE OF NEW MINERAL SUPPLIES IN 1175 WAS 
ABOUT * MILLION TONS I 

BUREAU OF MINES US DEPARTMENT OF THE INTERIOR 

Figure 12 — Per capita mineral consumption in the United 
States in pounds for 1975 (13) 

1892. First gasoline-powered automobile was built in the 

L Piled States 
1892. The CP" "ei engine was patented 
1994. Argor was c'.iscovered 

1 89*1. GJ S >ney proposed the name "electron" tor 

iiiyauve electrical charges 
1894. Thr first practicable method of radio tommunica- 

tioi s was developed b\ Marconi of Italy 

1894. The first oilfield was developed near Santa Bar* 
bar.i Calif 

1394. Ken. sine was exported to China b\ Standard Oil 
( o 

1894-97. | | Thompson demonstrated ihe principle of 
trw cathodc-rav tub*: 

1895. The Anaconda company was reorganized to form 
the Anaconda Copper Mining Co 

1895. The first regular motorbus passenger service was 

started m Germany 
1895. rirst pneumatic motor car tires were made b\ 

M it helm of franc c 
1895. The Baltimore *nd Ohio Railroad started the first 

electric mainline service 

1895. The hist four delivery wagons, powered with 
imported Akroys-Hornsbv engines, were built in 
Brooklyn, N Y 

1896. Daimler built the first motor truck in Germany 

1896. Becquerel. of France, discovered radioactivit 

1897. Thomson of Great Britain, discovered i) 

1898. Viscose layon'was made in Great Britain 



• IV 

elec 



1898. 33.0(H) gold seekers invaded the KlondiVe area of 
AlasVa 

1898* Radium was discovered by Mane and Pierre Curie 
of France 

1899. The electric an furnace was operated in France 
1899. The spark plug was manufactured in Great Britain 
1899, Actinium was discovered in France 
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Figure 13 — Trends in steel production in the United 
States and other producing areas, 1950-1975 (/J) 

1900. The axial-flow gas turbine was introduced commer- 
cially 

1900. The electric car starter was mani Sutured in Great 
Britain 

1900. Marketed production of natural gas totaled 127 
billion cubic feet By 1975 this total was 24,700 
bilhon cubic feet 

190C. Cosmic rays were investigated 

1901. Solar energy was used to power a steam engine 
1901. A discovery well at Spmdletop near Beaumont. 

Texas, initiated the r !rst salt dome production of 
oil 

1901. Motor o I was marketed by Mobil oil Co 

1901. First use of rotary drilling equipment * Spmdletop 
oilfield in Texas 

1902. The first satisfactory coal face conveyor was op?r- 
a'ed in the United States 

1902. The agricultural tractor was demonstrated in Great 
Britain 

1902. The electrical rectifier was discovered by Peter 
Uioper-Hewitt in the United States 

1902. The first all-metal car bod> of aluminum was 
manufactured in Great Britain 

1903. The Utah Copper Company was organized (Copper 
production started in 1907 

1903. Orvillc and Wilbur Wright made the first heavier- 
than-air flight at Kitty Hawk. N C 
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U.S. PRODUCTION IN RELATION 
TO THE REST OF THE WORLD 




STEEL 



1950 




1975 




ALUMINUM 
METAL 



1950 




1975 



/ uT"m\ 
1950 



REFINED 
PETROLEUM 
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1975 



Figure 14 — U.S and rest-of-world production of steel, 
aluminum, and petroleum, 1950 and !975 {13) 



Time Capsule, 1776-1976 (Continued) 

1903. A 5.000- kw steam turbine was installed to generate 
electricity 

190S. The first commercial plant to process natural gas 
was installed at Sistersv:!le, W Va 

1904. Italian engineers drilled a steam well to operate a 
small turbine, 

1904. The first electronic vacuum tube was made 
1904. The first steam-p*. • ered traitor crawler was oper- 
ated in California 

1904, The first mass-produced motor tar (more man 10 
per week) was produced by Olds of Detroit 

1905. Einstein first propagated the theory of relativity 

1905. The first gasoline pump was installed at Ft Wavne, 
lnd 

1906. The first radio broadcast was conducted at Biant 
Rock, Mass 

1906. The first pneumatic tires were used on aircraft in a 

test flight in France 
1906-07, First aircraft were manufactured in France and 

Great Britain 

1906. 1 he first electrically operated loudspeaker was 
developed in New York 

1907. Household detergents were manufactured in Ger- 
mans 

1907. l)e Forest invented the vacuum tube in the I'nitcd 
States 

1908. A diesel- powered submarine was launched in (.teat 
Britain 



1908. First discovery of oil in the Middle East area, in 
Iran. 

1909. The first military aircraft used in the United Suites 
1909. Bakehte was invented in Belgium. 

1909. The first natural gas processing plant west of the 
Mississippi kiver was installed in Oklahoma. 

1910. Neon lighting was developed in Fran.? 

1910. The Bureau of Mines, US Dep^'tment of the 
Interior, was established. 

1910. First onshore drilling for oil in water in Louisiana 

1911. First airmail flown in India 6.000 letters. 5 miles. 
1911. E Rutherford demonstrated that the positive 

charge of an atom is concentrated in the nucleus. 

1911. First successful use of flotation in the United States 
on zinc-lead ore at Butte, Montana 

1911-12. Vitamins were discovered 

1912. First diesel locomotive was built in Switzerland. 
1912. The first stainless steel was cast in Great Britain 

1912. X-ray analysis of minerals was demonstrated. 

1913. First electric refrigerator for domestic use was 
manufactured in Chicago. 

1915. Niels Bohr, of Denmark, solved the problem of the 

hydrogen atom. 
1915. The first bomber aircraft was built in Great Britain 
1915. The first diesel-electnc railcar was operated in 

Sweden. 

1915. The thermal cracking process was patented to 
increase yield and quality of gasoline from petro- 
leum. 

1915. The first public address system was user 1 in Okla- 
hom 

191 The f»rst passenger service airline started in the 
'Jnited Stan. s. from St. Petersburg to Tampa. Fla. 

1914. Assembly-line production was started on the Model 
T by Henry Ford 

1915. Low-cost, high-tonnage gold mining started at Ju- 
neau, Alaska. 

1915. Inspiration Consolidated Chopper Co built a 14,400 
tpd mill to treat ore by flotation 

1916. First nitrogen fertilizer manufacture in Great Brit- 
am. 

1918. The nations largest gas field was discovered in the 
Texas Panhandle 

1918. The first fully-automatic oil burner was installed. 

1919. The transmutation of elements was achieved by Sir 
Ernest Rutherford. 

1920. The Mineral Leasing Act of 1920 was passed by 
Congress 

1922. Tetraethyl lead was developed for the internal 
cc nibustion engine 

1922. First use of geophysical instruments for oil explora- 
tion 

1925. Mechanical coal loading equipment was installed to 

replace hand loading 
1925. Hafnium was discovered. 
1925. The first successful television unit was built 
1925. The first cross-continent flight was made nonstop 

tn the United States Flying time was 27 hours 
1925. The first continuous hot-sheet rolling mill was 

operated m Ashland, Ky 
19? 4. The first round-the-world flight was completed by 

V S pilots, 57 stops 
1925. Rhenium was detected in platinum ores 
1925. The Society for Space Travel was organized in 

Germany, giving impetus to the development of 

lockers, including the V-2. in 1932-37 
1925. Petroleum was made synthetically from coal in 

Furnpe 

1925. I he first commercial diesel-electnc locomotive was 
built 

1926. 1'he selenium rectifier was introduced 
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Figure 15 — Imports and exports of raw and processed materials in the United States for 1974 and 1975 (* ?), 

1917. The first low-definition image was sent by an 19*9. First magnetic tape recorder * as built in Carman y 

electronic television system by Far ns worth in Los tQ *° cl — ••-•* ; — — • — ^ — — » — 

Angeles 

IW7. The transatlantic telephone service was started 

from London to New York City. 
IfJS. The first television receiver was produced com me r- 

ctally by the Davcn Corp. of New Jersey. 



• nisi iiia^nviiv. ia|#v muiuci naa UUIIl m VCtllialiy 

1929. Electric logging equipment was first used m oil 
wells. 

1930. Wrought iron was produced by a continuous prot- 
ess in Pennsylvania 

1930*6. The tungsten carbide bit was developed in Ger- 
many. 
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THE NONFUEL MINERALS SECTOR 



IMPORTS SUPPLIED SIGNIFICANT PERCENTAGE OF 
MINERALS AND METALS CONSUMPTION* IN 1975 
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BUREAU OF MINES, U.S. DEPARTMENT OF THE 
INTERIOR (import-export d«u from Bureau of th« 
Consut) 



Figure 16.— Percentage of minerals and metals consumption supplied by U S. imports in 1975 (13). 



Time Capsule, 1776-1976 (Continued) 

1930. The largest U.S. oilfield was discovered in East 
Texas. 

1931. Artificial rubber, neoprene. *as produced in the 
United States. 

193*. The first fission of the nucleus of the atom *as 
achieved by John G*kroft 

ISiS. The first radar equipment was developed in Ger- 
many. 

1933. The first solo round-the- world flight was ti mpleted 
by Wiley Post of the United States 



1935. The first ship was fitted with radar in Germany. 

1936. Fluorescent lighting was introduced by General 
Electric. 

1937. The flying boat was inaugurated by British Impe- 
rial Airways.' Ltd. 

1937. Nylon was developed by DuPont 

1937. Catalytic tracking was introduced in the U.S petro- 
leum industry 

1938. Underground coal was gasified commercially in 
Russia 

1938. The first offshore field was developed in Louisiana. 
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Figure 17.— OW scrap recovered in the United States as 
percent of consumption. 1975 (J3). 

1939. Nuclear fission was demonstrated in (Germany by 

Prof. Otto Hahn. 
1939. E-O. Lawrence was awarded the Nobel Prize for 

development of the cyclotron 
1939. The first turbojet flight was made in Germany 
1939. The first transatlantic airline service *..as started by 

Pan American Airways. 

1939. Polythene was manufactured in Great Britain. 

1940. The first four-wheel drive Jeep was built for the' 
U.S Army. 

1942. Fermi and coworkers produced the first man-made 
chain reaction at the University of Chicago. 

1942. The Loran navigation system was developed in 
Great Bnu.n. 

1942. The rst pure compound of plutonium was pre- 
pared at the University of California 

1943. Taconite ore was successfully treated by E W. Davis 
in Minnesota. 

1945. The first atomic bomb was exploded in the United 
States. 

1946. The ENIAC. first electronic computer, was installed 
by the U.S. Ordnance. It weighed 30 tons and 
contained 18.000 vacuum tubes and 1.500 relays 

1946. The Bureau of Land Management was formed out 
of the General Land Office and the Grazing 
Service 

1946. The first all-electric digital computer was operated 
at Pennsylvania University. 

1946. United Nations established an Atomic Energy Com 
■it tss ion 

1947. The modern scintillation counter was introduced to 
detect and measure radioactivity. 

1947. The first offshore well out of sight of land was 

drilled off the Louisiana Coast. 
1947. The Mineral Leasing Act lor Acquired l-ands was 

passed, 

1947. The transistor was invented Beginning of the use 

of solid state devices in the electrical field. 
1947. The microwave oven was built by Raytheon 
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Figure 18. — U.S. supplies ol plastic are heavily dependent 
upon petrochemicals and other n.inerals (7 J) 



194?. The Germanium rectifier was announced in the 
United Sutes 

1949. The discovery ol uranium ore at Haystack Butte. 
N.M.. triggered the uranium rush, the largest 
prospecting boom in the history ol the United 
Sutes, 

1950*1. Extensive work on the research and development 
of magnetohydrodynamic (MHD) power generation 
was started in the United States Similar work was 
undertaken m Russia and Japan. 

1950. The Xerox duplicating machine was manufactured 
1051. The electronic computer was manufactured. 

1951. The first hydrogen bomb was tested in Nev 
Mexico. 

1951. Sir J,D. Cockcroft and ET Walton were awarded 
the Nobel Prize in Physics lor transrr-Mation of the 
atomic nucleus. 

1952. Jet aircraft was introduced in Great Britain 

1952. The United States exploded the first hvdrogen 

bomb at Enlwetok Atoll in the Pacific Ocean 
195S. The first turbo-prop aircraft was put in service in 

Great Britain 
1955. Underground coal was gasified in Alabama 
1955. Russia exploded an experimental hydrogen bomb 
1954. The first soft-ground boring machine (molt) was 
used. 

1954. High-voltage direct-current power transmission (20 
megawatts) was installed in Sweden 

1954. The basic oxygen furnace (BOFl was introduced in 
the United States 

1954. The first nuclear- powered submarine, the Nautilus, 
was built at Grot on. Mass. It traveled 69. H8 miles 
on the first fueling 

1954. The second and third hydrogen bombs were ex- 
ploded at Eniwetok Atoll 

1954. The first atomic power station (5.000 KW) was 
established near Obninsk. Russia 
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Figure 19 — Tonnages of minerals transported by rail and 
water, including imports and exports, 1974 (13) 



Time Capsule, 1776-f 476 (Continued) 
1955. 
1955. 
1956. 



The Multiple Surface Use Act was passed by 
Congress. 

The first Hovercraft was developed in Suffolk, 
Great Britain 

The first large-stale (90,000 KW) atomic powei 
station was completed at Calder Hall, Great Bruain 

1956. The neutrino atomic particle was detected 

1957. The Wankel rotarv engine was H.-signed in Ger- 
many 

1957. The first commercial atomic power plant was built 

at Shippingport, Pa 
1957. 1 he portable electric typewriter was marketed 
1957. The first manned spaceflight was attempted by 

Ledovski. of Russia, but it was unsuccessful 
1957. Sputnik 1 was launched by Russia The beginning 

or the space race 



1958. Transatlantic jet service was started. 

1959. Russia laughed the first spacecraft (the Luna U) to 
land on the Moon 

1960V The reversible pump turbine was developed for 
pumped-storage power generation. 

1960. A 12 5 megawatt geothermal steam plant delivered 
power in the United States By 1975 installed 
capacity for geothermal power was 6(H) megawatts. 

1960. The first nuclear-powered aircraft carrier was 
launched in the United States. 

1961. The first successful manned space flight was com- 
pleted in Russia by Gagarin. 

1962. The first television communications satellite wa* 
launched in the United States. 

1962. The first interplanetary space shot, the Manner 11 
was launched in the United States. 

1965. A 60.9-megawatt liquid- metal, fast-breeder reactor 
was operated in Michigan 

1964. The Public Land Law Review Commission was 
established Its report of recommendations was 
released in 1970. 

1966. Five research teams investigated elcctrogasdynamic 
(EGD) power generation methods in the United 

States ut/'d 

1967. A high-temperature, gas-cooled reactor (HTCR) 
began operations at the Peach Bottom plant in 
Pennsylvania 

1967. A team of 23 natural gas utilities undertook a $20 
million research program to develop a natural gas 
fuel cell 

1969. The landing of Neil Armstrong and Edwin Aldnn 
of the Apollo XI spacecraft on the Moon was 
televised to the Earth 

1970. The first supersonic aircraft to flv was developed in 
Russia. 

1970. The 'list extra high voltage (EHVC) direct current 
installation (400 kilovolts) was placed in service 
from northern Oregon to southern California 

1970. A 275-mile pipeline to deliver coal from Black 
Mesa, Arizona, to the Mohave power plant in 
California was completed at a cost of $55 million. 

1070'i. Soviet engineers operated the first open-cycle 
magnetohydrodynmanic power plant with an ap- 
preciable output 

1972. Landsat-I. formerly called ERTS-I. was launched 
in the United States to transmit satellite imagery to 
the Earth. 

1973. The Arab oil embargo was imposed on the United 
States « 

1974. Construction started on a tinmue 48-mch, 800-mile 
pipeline from Prudhoe Bay to Valdez, Alaska- 

1974. Federal lands were opened to the development of 
geothermal power 

1975. The Ocean Mining Administration was established 
bv the United States. 

lUcaiisr of lack of space, the foregoing chronology 
feathers out with some important fuel and energy devel- 
opments—the most important commodity of the modern 
econc >mies 
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w^ NIZATION ' DEFINITIONS, AND METHODOLOGY OF 
MINERAL FACTS AND PROBLEMS COMMODITY CHAPTERS 



Basic Outline of the Commmodity Chapters 

Commodity chapters a*e structured to follow 
the same general outline with additions or 
deletion of topics as may be necessary for 
specialized commodities. The general outline is 
as follows: 

Indr»try structure 
Background 
Size and organization 
Geographic distribution 
U.S. and world productive capacity, 
1973, 1974, and 1980. 
Reserves and resources 

U.S. and world, including table 
Geology 

Uses 

Technology 

Exploration and development 

Mining 

Processing 

Products Tor trade and industry 
Current research and applications 
Supply-demand relationships 
Components of supply 

Mine production 

Imports of ore and concentrates 

Imports of metal or refined prod- 
ucts 

Stocks 

Old scrap 
U.S. and world production 
U.S. and world consumption 
World trade 

Secondary sources or recycling 
Substitutes 
Byproducts and coproducts 
Strategic considerations 
Economic factors and problems 
Operating factors and problems 
Outlook 

Demand 

Forecasts for 1985 and 2000 
Contingency forecasts, 1985 and 

2000 
End-use trend: 

Cumulative requirements to 2000 
Supply 

U.S. and world resources 
Forecast production for United 
States to 1985 and 2000 
20-year trend projection 
Contingency-type forecast 
Possible supply-demand changes 
PossiWe technological progress 



Sources of current information 

U.S. Bureau of Mines publications 
Other sources 

Mineral Resource Classification System (IS) 

Unless otherwise specified, the following min- 
eral resources classification system of the Bureau 
of Mines and the U.S. Geological Survey as 
published in Geological Survey Bulletin 1450-A 
was used in the "Reserves-Resources" sections of 
the commodity chapters: 

GENERAL DEFINITION OF MINERAL AND 
ENERGY RESOURCES 

The dictionary definition of resource "some- 
thing in reserve or ready if needed" has been 
extended for mineral and energy resources to 
comprise ail materials surmised to exist having 
piesent or future values. In geologic terms a 
mineral or energy resource is a concentration of 
naturally occurring solid, liquid, or gaseous 
materials in or on the Earth's crust in such form 
that economic extraction of a commodity is 
currendy or potentially feasible. Material classi- 
fied as a reserve is that portion of an identified 
resource producible at a profit at the rime of 
classification. 

Total Resources are materials that have pres- 
ent or future value and comprise identified or 
known materials plus those not yet identified, 
but which on the oasis of geologic evidence are 
presumed to exist. 

PHILOSOPHIC BASIS FOR A RESOURCE 
CLASSIFICATION 

Public attention usually is focused on current 
economic availability of mineral or energy mate- 
rials (reserves). Long-term public and commer- 
cial planning, however, must be based on the 
probability of geologic identification of resources 
in as vet undiscovered deposits and of technol- 
ogic development of economic extraction proc- 
esses for presently unworkable deposits. Thus, 
all the components of Total Resources must be 
continuously reassessed in jhe light of new 
geologic knowledge, of progress in science, and 
of shifts in economic and political conditions. 

Another requirement of long-term planning is 
the eighing of total or multi-commodity re- 
source availability against a particular need. To 
achieve this the general classification system 
must be uniformly applicable to all commodities 
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Figu j 20 -Classification of resources as published in U.S. Geological Survey Bulletin I45U-A (18) 



so that data for alternate or substitute commodi- 
ties can be compared. 

To serve these planning purposes Total Re- 
sources are classified both in terms of economic 
feasibility and of the degree of geologic assur- 
ance. Tne factors involved are incorporated in 
figure 20 to provide a graphic classification of 
Total Resources. 

General guides for the use of this classification 
system are as follows: 

1. Resource categories and definitions in the 
classification, as specified in the glossary, should 
be applicable to all naturally occurring concen- 
trations of metals, nonmetals, and fossil fuels. 
The categories may be subdivided for special 
purposes. 

2. Definitions may be amplified, where neces- 
sary, to make them more precise and conforma- 
ble with accepted usage for particular commodi- 
ties or types of resource evaluations. 

S. Quantities and qualities may be expressed 
in a variety of terms and units to suit different 
purposes, but must be clearly stated and de- 
fined. 



GLOSSARY OF RESOURCE TERMS 

Resource. — A concentration of naturally occur- 
ring solid, liquid, or gaseous materials in or 
on the Earth's crust in such form that 
economic extraction' of a commodity is 
currently or potentially feasible. 

Identified resources. — Specific bodies of min- 
eral-bearing material whose location, quality, 
and quanuty are known from geologic evi- 
dence supported by engineering measure- 
ments witn respect to the demonstrated 
category. 

Undiscovered resources. — Unspecified bodies of 
mineral-bearing material surmised to exist 
on the basts of broad geologic knowledge 
and theory. 

Reserve. — That portion of the identified re- 
source from which a usable mi :eral and 
energy commodity can be economically and 
legally extracted at the lime of determina- 
tion. The term ore is uaed for reserves of 
some minerals. 
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The following definitions for measured, indi- 
cated, and inferred are applicable to both the 
Reserve and Identified-Subeconomic resource 
components. 1 

Matured. — Reserves or resources for which 
tonnage is computed from dimensions re- 
vealed in outcrops, trenches, workings, and 
drill holes and for which the grade is 
computed from the results of detailed sam- 
pling- The sites for inspection, sampling, 
and measurement are spaced so closely and 
the geologic character is so well defined that 
size, shape, and mineial content are well 
established. The computed tonnage a*d 
grade are judged to be accurate within 
limits which are stated, and no such limit is 
judged to be different from the computed 
tonnage or grade by more than 20 percent. 

Indicated.— Reserves or resources for which 
tonnage and grade are computed partly 

_ from specific measurements, samples, or 
production data and partly from projection 
for a reasonable distance on geologic evi- 
dence. The sites available for inspection, 
measurement, and sampling are too widely 
or otherwise inappropriately spaced to per- 
mit the mineral bodies to be outlined com- 
pletely or the grade established throughout. 

Demonstrated.— A collective term for the sum 
of measured and indicated reserves or re- 
sources. 

Inferred.-- Reserves or resources for which 
quantitative estimates are based largely on 
broad knowledge of the geologic character 
of the deposit and for which there are few, 
if any, samples or measurements. The esti- 
mates are based on an assumed continuity 
or repetition, of which there is geologic 
evidence; this evidence may include com- 
parison with deposits of similar type. Bodies 
that are completely concealed may be in- 
cluded if there is specific geologic evidence 
of their presence. Estimates of inferred 
reserves or resources should include a state- 
ment of the specific limits within which the 
inferred material may lie. 

Identified-Subeconomic — Resources that are 
not Reserves, but may become so as a result 
of changes in economic and legal condi- 
tions. 



' The tcrmt proved, pn>b«bfc, 4n d pmuble (u*rd by thr mduiiry and 
economic e*aluata>ns <i4 ore in tprofk deposit* nr diitnrtt) oimmonlv have 
been wed hioarly and mierthanflrabiy w«h the term* measured, indiraied. or 
inferred (uted by the Depanmeni of the Interior mainly for regional or 
national etttmaiei) The trrtm 'proved' and 'meaiured' arc eurntiaHy 
•ynonymout The term* "probable and pm«*lf." htm ever, arc not tvnony 
mutt* wnh 'indicated*' and inferred ' Probable' and poMible" deirribr 
ewmaie* of partly sampled depoaitt—in utmc definition* For exam pic 
"probable" a uard to detmbr depoam tampled on I wo <,r three udev and 
"putMbte' for deposit* tampled only on ik - tide in the Bureau Survey 
defmmofw. both would be devnbed by the term indicated " 



Paranurginal. — The portion of Subeconomic 
Resources that (I) bordef* on being eco- 
nomically producible or (2) is not commer- 
cially available solely because of legal or 
political circumstances. 

Submarginal. — The portion of Subeconomic Re- 
sources which would require a substantially 
higher price (more 'han 1.5 times the price 
at the time of determination) or a major 
cost-reducing advance in technology. 

Hypothetical resources. — Undiscovered re- 
sources that may reasonably be expected to 
exist in a known mining district under 
known geologic conditions. Exploration that 
confirms their existence and reveals quan- 
tity and quality will permit their reclassifica- 
tion as a Reserve or Identified-Subeconomic 
resource. 

Speculative resources. — Undiscovered resources 
that may occur either in known types of 
deposits in a favorable geologic setting 
where no discoveries have been made, or in 
*s yet unknown types of deposits that 
remain to be recognized. Exploration that 
confirms their existence and reveals quan- 
tity and quality will permit their reclassifica- 
tion as Reserves or Identified-Subeconomic 
resources. 



AREAS OF RESPONSIBILITY AND 
OPERATIONAL PROCEDURES 

U.S. Bureau of Mines. — The Bureau appraises, 
analyzes, and publishes reserve estimates 
from base data supplied by the mineral and 
energy materials industry, the U.S. Geologi- 
cal Survey, and other governmental agen- 
cies. The Bureau judges commodity re- 
coverability on existing economic and legal 
factors. 

U.S. Geological Survev. — The Survey appraises, 
analyzes, and publishes estimates of Total 
Resources. It reports such measurable pa- 
rameters of significant* to resource evalua- 
tion as location, quality, quantity, and situa- 
tion of Identified resources. 

Annual Resource Summation.— The U.S. Bu- 
reau of Mines and U,S. Geological Survey 
will confer and agree annually on estimates 
in all of the resource categories defined 
above. These data will be in Bureau or 
Survey publications and will be available for 
inclusion in the Secretary's Annual Report 
required by the Mining and Minerals Policy 
Act of 1970. 

Ad Hoc Joint Conferences.— The Directors will 
convene ad hoc joint work groups to resolve 
problems in 'he resource area. 
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Figure 21. — U.S. population and civilian labor force in 
million persons. 1954-2000(7.20). 
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Figure 22.— U.S. gross natititol product in billion 1973 
dollars. 1954-5800 (20). 



FORECASTING METHODS 

Since 1967, the Bureau of Mines has devel- 
oped and improved a method of forecasting 
U.S. demand for minerals based on contingency 
analyses of end uses of each mineral commodity. 
The current method of forecasting involves 
three phases of analysis: 

1 . Quantitative. 

2. Qualitative. 

3. Probabilistic. 

The Data Base 

The data base for forecasts and long-term 
analysis concludes with 1973, the last year for 
which relatively complete worldwide data were 
available. The year 1973 is also significant in 
that both U.S. steel production and energy use 
reached peaks during that year. The use of 
many other materials is related closely to steel 
production. U.S. economic indicators and prices 
arc expressed in terms of constant 1973 dollars. 
Chapter discussions, however, include the latest 
data information available at the time of final 
writing. 

The Division of Economic Analysis of the 
Bureau (DEA) supplied basic data for the fol- 
lowing economic indicators: 

U.S. Population and Civilian Labor Force, 1954- 
73 and forecasts to 1985 and 2000, as deter- 
mined by the Bureau of the Census (7) and the 
Office of Management and Budget (OMB) (21). 

U.S. Gross National Product, 1954-73 ana fore- 



casts to 1985 and 2000, as reported by OMB 
(27). 

U.S. Gross National Product per Capita, 1954-73 
and forecasts to 1985 and 2000, as reported by 
OMB (27). 

Gross National Product per Civilian Employed, 
1954-73 and forecasts to 1985 and 2000, as 
reported by OMB (27). 

Federal Reserve Board Index of Industrial Produc- 
tion (1967=100), 1954-73 and forecasts to 1985 
and 2000, as reported by OMB (27). 

New Construction Activity, 1954-73 and forecasts 
to 1985 and 2000, as reported by OMB (27). 

Grass Prwate Domestic Investment, 1954-73 and 
forecasts to 1985*and 2000, as reported by OMB 
(27). 

Personal Consumption Expenditures, 1954-73 and 
forecasts to 1985 and 2000, as reported by OMB 
(27). 

In addition, the Division of Interfuel Studies 
of the Bureau provided data on Gross Consump- 
tion oj Energy Fuels by Major Source, 1947-73 (9), 
- for coal, natural gas, petroleum, hydropower 
and geothermal power, nuclear facilities, and 
total gross energy consumption expressed in 
British thermal units (Btu) and by weight or 
volume. Forecasts of five types of energy were 
tabulated in 'Vnited States Energy Through the Year 
2000 (Revisedr (9) for 1980, 1985, and 2000. 
The Division also provided data U % determine 
growth rates of energy for 1973 to 1985 and 
1973 to 2000 by the following consuming sec- 
tors: Household and commercial, industrial, 
transportation, electrical generation. 
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Figure 23.— U.S. gross national product per capita in I973 
dollars, I954-2C0O (20). 

Figures 21 to 28, inclusive, chart historical 
trends and forecasts for eight of the foremen- 
tioned economic indicators. 

Quutttative Analysis 

Commodity specialists supplied the following 
data to the Division of Economic Analysis: 

End uses of commodities for 1960-73. 

U.S. primary production for 1954-73. Pri- 
mary production is defined as production from 
domestic mines or wells, and manufactured 
gases. 

U.S. primary demand for 1954-73. Primary 
demand is defined as demand for minerals pro- 
duced from domestic or rest-of-world mines or 
weDs and excludes demand for secondary metals 
(scrap). 

DEA then performed a standard regression 
analysis on each end use of a commodity using 
the following U.S. economic indicators as ex- 
planatory variables: 

Gross national product 

Federal Reserve Board index of industrial 
production 

Gross private domestic investment 

Construction 

Population 

Gross national product per capita 
Projections were then extrapolated for each 
end use to 1985 and 2000 based on estimated 
log-log and simple linear regression equations 
and these projections were used as guides by 
commodity specialists in making qualitative fore- 
cast*. 
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Figure 24.— Federal Reserve Board index of industrial 
production (1967 = 100), 1954-2000 (19) 

Primary demand data for 1954-73 were used 
to calculate the 1973 trend value. If this trend 
value deviated substantially (10 percent or more) 
from the actual 1973 demand figure, the trend 
value was used to calculate demand growth rates 
and cumulative demand to 1985 and 2000 
rather than the anomalous 1973 figure. 

Also time-trend regression analysis was per- 
formed on U.S. primary production for 1953-73 
to project production to 1985 and 2000. 

The foregoing economic indicators and analy- 
ses compiled and/or computed by DEA consti- 
tuted the quantitative information supplied to 
commodity specialists to serve as basic guides in 
making qualitative forecasts. 

Qualitative Analysis 

The next step in forecasting was the determi- 
nation of a forecast base for each end use for 
2000. In many instances the correlation between 
the historical growth rate of an end use and that 
of a particular econo* indicator was good, and 
therefore the commodity specialists used the 
end-use base projected to 2000 by regression 
analysis, or the economic indicator growth rate 
applied to the 1973 demand. 

Some commodities are highly interdependent 
such as iron ore, iron and steel, and the 
ferroalloy croup. Consequently base forecasts 
for some of the end uses in this group had to be 
consistent with growth rates forecast for iron 
and steel demand. 

Similarly, in the fertilizer group of minerals, 



ERLC 



36} 



348 THE NONFUEL MINERALS SECTOR 




_ i I i . j i i i 1 1 1 1 

WO W4 1M0 1M6 1970 1973 1M0 1M6 1990 1996 "TOO 

Figure 25.— New construction activity in the United States 
in billion 1973 dollars, 1954-2000 (20). 

including phosphate rock, nitrates, potash, and 
sulfur, base forecasts involved a consideration of 
a neeiKfor* the balance of elements in the 
demand foVfertilizers. Contingency estimates for 
hydrogen consumption in anhydrous ammonia 
(NHJ in the Hydrogen-chapter were made in a 
manner consistent with the estimates for ammo- 
nia-related end uses in the Nitrogen chapter. 

In the energy field, forecast bases for coal, 
petroleum, natural gas, nuclear fuels, and shale 
oil had to be consistent with overall energy 
forecasts compiled by the Division of Interfuel 
Studies, Bureau of Mines (9). 

After the forecast bases had been established 
for each end use, many influencing factors were 
examined to determine a high ana a low range. 
These mitigating factors included new uses, 
obsolete uses, technological progress, changes in 
availability of reserves and resources, substitutes 
and competitive commodities, environmental re- 
straints or stimuli, price trends, world political 
developments, sources of materials as byproducts 
or coproducts, and the recycling of materials. 

This system of contingency analysis is the 
distinctive characteristic of the Bureau of Mines 
forecasting technique. 



Probabilistic Analysis 

After establishing a forecast base and a high 
and low for each end use, the commodity 
specialist determined a probable forecast for 
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Figure 26 — Gross private domestic investment in billion 
1 973 dollars, 1 954-2000 (20) 



Tab** 1.— Economic Indicator* us#d m guldoa In 
forecasting 



Growth ,ata» 

(pSfCani) 



Economc indicator 1973-85 1973-2000 



Populsaon 09 08 

Ovflan labor forca 17 14 

ProduclrvKy--output par cfcnlan 14 ,10 

Grots national product 36 35 

FRBmdsxof tod«rW p-oductton (1967-100) .... 4 1 3 9 

Gtom naionsl product p*r oapAa, 1973 dolars .... 26 26 

Naw oonatrucion activity 3 6 3 2 

Enargy 35 33 

Enargy by consuming aactor 

Household and oomrmrctai 9 5 

Industrial ._ 14 12 

Transportation 19 17 

Bsctrical gatmbon 8 3 5 5 

Gross national product par crvilan ampioyad 16 20 

Gross prtvata domsstic wvastmant 3 7 3 5 

Parsonai oonsumption txptndHurts 3 6 35 



each end use. This appraisal involves weighing 
those factors and contingencies that are most 
likely to influence future demand. The forecasts 
for all end uses of a commodity constitute the 
forecast for total U.S. primary demand. 

When secondary metals (old scrap) constitute 
an appreciable source of supply, as in the case of 
many metals, the forecasts include the quantity 
of recovered secondary material estimated to 
meet a portion of future demand. 

Average annual percent growth rates for the 
forecast periods were calculated with the aid of 
conventional compound interest tables and "an- 
nuity due' tables were used to obtain cumulative 
totals. 
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Figuit 27 — Personal consumption expenditures in the 
United States in billion 1973 dollars. 1954-2000 (20) 
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Figure 28 — -U S gross energy consumption by sources in 
quadrillion Btu. 1954-2000 (9), 



Rest-of-the- World Demand 

Although detailed end-use data were not 
available for all commodities and all countries, 
historical world consumption and production 
data through 1973 served as one reliable guide 
in making forecasts for nations other than the 
United S nes. In addition, three economic indi- 
cators ft \ 1951-2000 (I) were available: 
World population 
World gross domestic product 
Vorld gross domestic pn*'uct per capita 
Hi torical trends and projections to 2000 for 
th<»c three economic indicators were compiled 
for the following 10 subdivisions of the world, 
consisting of 7 groups of developed and devel- 
opir g nations with hr nogeneous growth pat- 
terns and 3 individual nations: 

1. Western Europe — OECD countries, plus 
Greece, Portugal, Spain, and Turkey 

2. Japan 

3. Other developed lands — Australia, Canada, 
Israel, Nt.v Zealand, and South Africa 

4. 1 Inion of Soviet Socialist Republics 

5. .astern European countries — centrally con- 
trolled economies plus Albania and Yugo- 
slavia 

6. Africa — minus South Africa 

7. Asia — minus Israel, Japan, People's Republic 
of China, and related areas. 

8. Latin America 

9. China — plus Mongolia, North Korea, and 
North Vietnam 

10. United Sta.^s 



Tabla 2.— U.S. gross •nsrgy consumption by major 
•ourcas, 1973 2000 



W> Groe» energy consumption Growth ratal 

(qurtrMon Btu) (pecent) 

66 1973- 1973- l»5- 

1973 1980 1985 9000 1986 2000 2600 



C06l . 1329 1715 2125 34 75 40 36 33 

Petroleum 34 85 41 04 45 83 51 20 2 3 1 4 8 

Natural gee 22 71 20 30 2010 19 80 -10 -5 -2 

Hydropowtf and 

peolherrnal po*er 300 380 365 60 21 27 31 

Nuclear 89 455 1184 4808 *40 15 7 98 

Shalt at 87 1 04 ... 1 2 



Total 74 74 87 1 4 103 54 18343 



Source U S Bureau of Mnes, Urrted Stales Enaryy Through tha Vaar 2000 
(Revised) 

Demand for highly industrialized nations of 
the world, including some end-use data for 
major commodities, were helpful in making 
forecasts tor the rest of the world. 

VS. Mine Production Fore sts 

Applying the same type 01 contingency analy- 
sis used in demand forecasting, commodity 
specialists forecast U.S. mine production f or 
1985 and 2000. Factors weighed in making these 
forecasts included: 

Characteristic and physical environment of 
resources 

Geographic location of resources 

Land ownership 

Political factor? 

Environments factors 
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TABLE 3.-COMKARISON OF PREVAHNQ U.& PRIMARY MINERAL SUPPLY-DEMAND WITH PROJECTED 
HISTORICAL TRENDS IN DOMESTIC MINERAL PRODUCTION 



1974 



1965 



2000 



COMMOCXTY 



UNITS 



US 
PRIMARY* 
PRODUC- 
TION FROM 
DOMESTIC 
SOURCES 



US 
PRIMARY 
QEMAND 



FORECAST 

US 
PRIMARY 

c:mano 



US 
PRIMARY 
PROOUO 
TIONIF 

PAST 
20- YEAR 
TRENDS 
PREVAIL 



""us 

PRIMARY 
PRODUC- 
TION (ES 
T1MATFO) 



FORECAST 

US 
PRIMARY 
DEMAND 



US 
PRIMARY 
PRODUC- 
TION IF 

PAST 
20- YEAR 
TRENDS 
PREVAIL 



U.S 
PRIMARY 
PRODUC- 
TION (ES- 
TIMATED) 



ALUMINUM * THOUSAND ST 

ANTIMONY ST 

ARSENIC ST 

BARIUM THOUSAND ST 

BLRYLUUM ST 

BISMUTH . THOUSAND LB 

BORON THOUSAND ST 

BROMME MILLION • L3 

CADMIUM _ ST 

CESIUM LB 

CHLORINE THOUSAND ST 

CHROMIUM . .... THOUSAND ST 

COBALT \ THOUSAND LB 

COLUMBIUM THOUSAND LB 

COPPER THOUSANOST 

FLUORINE THOUSAND S T 

GALLIUM KG 

QERMANHJM THOUSAND LB 

GOLfj THOUSAND TOZ 

HAFNIUM ST 

INDIUM . THOUSAND TOZ 

KXHNE THOUSAND LE 

IRON ORE MILLION ST 

LEAD THOUSAK 1 S T 

LITHIUM ST 

MAGNESIUM- METAL THOUSAND S T 

MAGNESIUM- NONMETALLiC THOUSAND S T 

MANGANESE THOUSAND ST 

MERCURY .. THOUSAND FL 

MOLYBDENUM THOUSAND LB 

NK5KEL THOUSAND ST 

NITROGEN-COMPOUNDS THOUSAND ST 

NfTROGEN-GAS f XilDS THOUSAND ST 

PALLADIUM THOUSAND T OZ 

PLATINUM THOUSAND T OZ 

RARE EARTHS 6 YTTRIUM ST 

RtiEMUM LB 

RHODIUM THOUSAND TOZ 

RUBIDIUM _ LB 

SCANDIUM KG 

SELENIUM THOUSAND LB 

SILICON THOUSAND ST 

SILVER _ THOUSAND TOZ 

STRONTIUM . ST 

SULFUR ., . THOUSAND L T 

TANTALUM THOUSAND LB 

TELLURIUM THOUSAND LB 

THALLIUM . ■ LB 

THORIUM ST 

TIN . LT 

TITANIUM-METAL ... THOUSAND ST 

TITANIUM'NON METALLIC . .. THOUSAND S T 

TUNGSTEN. THOUSAND LB 

VANADIUM ST 

ZINC . . _ THOUSAND ST 

ZIRCONIUM-METAL ST 

ZIRCONIUM- NONMETALLIC . . THOUSAND S T 



456 


5,679 


« 

11.100 


420 


700 


20,960 


590 


2,100 


1.319 


20,323 


30,600 


1,460 


1.400 


49,500 


1,320 


2475 


(1) 


0) 


25,900 


1,670 


3,200 


26200 


1.100 


5, 100 


819 


930 


1,425 


515 


1,000 


1,565 


510 


1,100 


0) 


209 


430 


250 


440 


1.150 


390 


800 


(1) 


2.365 


4.100 


1,160 


1,200 


4,500 


1,415 


1,600 


193 


105 


185 


280 


350 


340 


380 


500 


432 


363 


608 


550 


700 


1,110 


760 


1,250 


2,066 


8,187 


8*00 


2.400 


3,000 


12,700 


2,600 


5,000 




15100 


45.000 


— 


« — 


200,000 


— 




10,607 


10.944 


18,900 


15.*00 


19,000 


39,500 


22,000 


40.000 




560 


700 


- 


— 


1.100 








23,183 


27,100 




13,000 


43,000 




40.000 




7 837 


11,000 


2 




22,300 






1,597 


1,963 


2,700 


?,070 


2,500 


4,200 


2650 


3,600 


137 


689 


1,560 


130 


100 


1,930 


130 


60 


(1) 


7 


13,300 


3,600 


10,000 


32 ,0X) 


5,700 


20,000 


28 


44 


60 


15 


40 


81 




54 


1,127 


3.930 


7,000 


1,120 


1,700 


15.300 


780 


. 2,200 




40 


50 




— 


80 






( 1 ) 


825 


980 


40 




1,520 


— 


300 


M) 


7,500 


10,700 


660 


3.0TO 


18,000 


640 


5,000 


58 


91 


107 


60 


8 


129 


70 


100 


664 


931 


1.200 


780 


720 


1,530 


1.070 


970 


0) . 


4,530 


7,000 


5.600 


7,500 


13,800 


8,400 


14,800 


0) 


123 


195 


170 


250 


365 


240 


300 


950 


1,0*9 


1.500 


1,050 


1 400 


2,550 


1,060 


2400 


35 


1,492 




— 


30 


2,130 


— 




2 


53 




(2) 


25 


47 




25 


12,011 


76,400 


102.00* 


156,000 


202.600 


193,000 


214,000 


363,400 


14 


219 


260 


20 


100 


385 


30 


' 270 


13,018 


12,971 


19.000 


21,000 


16,000 


29,000 


30,000 


25.000 


' 8475 


8.600 


12,000 


13,000 " 


12,0* u 


18.000 


20,000 


. 18,000 


9 


873 




17 


14 


1.340 


20 


22 


4 


846 


980 


1 


5 


1,225 




8 


22.482 


15,500 


22,000 


30,000 


40,000 


34.000 


47,00c 


60,000 


6,700 


4,500 


7.000 


11,200* 


10,000 


9.000 


17,70 


15.000 




51 


75 






125 








1,210 


1,800 






3,000 






644 


5 

1,566 


6 , 
2,100 


. 590 


1,200 


17 
3.020 


440 


2,000 


589 


666 


755 


750 


740 


1,200 


1,000 


1,000 


33.80Q 


124,000 


160,000 


40,000 


44,000 


2^0P00 


43,000 


50.000 




19.800 


25.200 






34,700 






11,419 


10,8*0 


14.500 


13,400 


iftoco 


23.000 


17,100 


24,000 




1,960 


2.300 






4,600 






111 


324 


370 


180 


330 


510 


160 


490 


(1) 


1,650 


1.400 


480 


2,500 


1,400 




3,000 


(1) 


60 


90 


70 


130 


260 


90 


1.00 


0) 


45,900 


56,000 


130 


70 


64,000 


190 


70 




21 


29 






45 






257 


525 


790 


320 


363' 


1,380 


370- 


444 


T ,381 


15.696 


26,700 


5.600 


8,500 


49,400 


4.100 


3,550 


5.366 


6.453 


15.500 


7,200 


9.100 


33,000 


6,800 


8,700 


500 


1,464 


2,120 


550 


600 


3,050 


570 


1,100 




3,000 


5,000 






12,000 






(D 


66 


115 


70 


, 100 ' 


210 


95 


200 



Technological change 
Nature of existing production capability 
Byproduct and coproduct production 
Health and safety regulations and consider- 
ations 
Conservation 
Availability of manpower 
Energy and water requirements 
In addition, DEA supplied projejtions made 



by regression analysis of the 20 year productic l 
trend: fo» each commodity. 



MINERAL TRENDS AND FORECASTS 

These data presented in summary table form 
result from a continuous study conducted by the 
Bureau of Mines for the purpose of identifying 



ERLC 



3/0 
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TABU 3.— COMPARISON OF PRCVAIUNO U.S. PRIMARY MINERAL SUPPLY -DEMAND WITH PROJECTED 
HISTORICAL TRENDS *J DOMESTIC MINERAL PRODUCTION (CONTINUED) 



1865 



2000 



COMMODITY 



UNITS 



US 
PRIMARY* 
PRODUC- 
TION FROM 
DOMESTIC 
SOURCES 



US 
PRIMARY 
DEMAND 



FORECAST 

US 
PRIMARY 
DEMAND 



US 
PRIMARY 
PRODUC- 
TION IF 

PAST 
20* YEAR 
TRENDS 
PREVAIL 



US 
PRIMARY 

PRODUC- 
TION (ES- 
TIMATED) 



FORECAST 

US 
PRIMARY 
OEMANO 



US 
PRIMARY 
PRODUC- 
TION IF 
PAST 
20- YEAR 
TRENDS 
PREVAIL 



US 
PRIMARY 
PRODUC- 
TION (ES- 
TIMATED) 



A88ESTOS THOUSAND ST 

CLAYS 1 MHUON ST 

CORUNDUM ST 

DIAMOND-INDUSTRIAL . THOUSAND KT 

OIATOMITE TnjuSAND ST 

FELDSPAR THOUSAND ST 

GARNET THOUSAND ST 

GRAPHITE ... THOUSAND ST 

GYPSUM .... ..... THOUSAND ST 

KYAMTE THOUSAND ST 

LIME THOUSAND ST 

MICA-SCRAP ft FLAKF _ . THOUSAND S T 

M)CA-SH£ET . THOUSAND LB 

PERUTE THOUSAND ST 

PHOSPHATE ROCK THOUSAND ST 

P0TA8H _ (XOUSAND S T 

PUMTCE THOUSAND ST 

QUARTZ CRYSTAL THOUSAND LB 

SALT THOUSANDST 

SAND ft GRAVEL MILLION ST 

SODA ASH THOUSANDST 

STONE-CRUSHED MILLION ST 

STONE-DIMENSION . .... THOUSANDST 

TALC THOUSANDST 

VERMCULITE THOUSANDST 



ANTHRACITE 

BITUMINOUS COAL ft LlGN'TE 
NATURAL GAS' .. . 

PEAT 

' PET HOLE JM 4 

SHALE OIL 

URANIUM (NUCLEAR) 



MILLION S T 
MILLION ST 

Billion c f 

THOUSAND S T 
MILLION BBL 
MILLION BBL 
ST 



ARGON THOUSAND S T 

HELIUM MILLION CF 

HYDROGEN .... BILLION CF 

OXYGEN THOUSANDST 



113 


646 


695 


220 


160 


1.114 


300 


200 


61 


59 






100 


IB 1 


84 


190 




1,000 


640 






1.000 






19,000 


25.100 


37.000 


28.000 


30,000 


69.500 


43.000 


50,000 


664 


478 


615 


800 


1,000 


1.785 


1,000 


2,00" 


854 


633 


1.150 


9*0 


1.150 


2.000 


1.150 


2.1 




20 


26 


32 


31 


39 


43 


53 


0) 


97 


96 


_ 





129 






11.909 


18.693 


''e.ooo 


12.200 


15,000 


34.800 


13.600 


20,000 


( 1 ) 


0) 


250 


230 


320 


500 


330 


650 


21,645 


22.029 


29 300 


30.000 


29.000 


43,300 


40,000 


43 000 


137 , 


124 . 


185 


180 


190 


215 


230 


234 


— 


7.160 


4,000 







1.410 






565 


535 


825 


700 


900 


1.500 


900 


1,600 


45.686 


34.720 


45.000 


65,800 


80,000 


69,000 


92.600 


85,000 


2.552 


8.084 


9.000 


3.300 


2,000 


12.000 




1,000 


3,937 


4.227 


6.100 


5.400 


6,500 


10,160 


7,200 


10,800 




285 


400 






620 






46.423 


49.154 


75.000 


65,000 


77.800 


136.400 


67000 


129.300 


976 


978 


1.390 


1.240 


1.390 


2090 


1,550 


2,090 


•'.sci * 


7.058 


10.180 


9,070 


11,000 


15.630 


11.100 


17,000 


1.042 


1.041 


l.5 r 


1.300 


1.550 


2,500 


1,800 


2,500 


1.915 


1,915 


1.700 


1,000 


1,500 


1,700 


120 


1,500 


1,268 


1,064 


1,500 


1,500 


1,700 


2.15C 


1,900 


2.400 


341 


324 


500 


440 


525 


900 


570 


950 


7 


5 


5 




6 


5 




6 


603 


553 


916 


700 


993 


1,555 


650 


1.655 


21.601 


21,223 


19.510 


32,100 


16 210 


19,030 


43.600 


16.530 


731 


1 033 


1.400 


920 


932 


2200 


. 200 


1 


3.819 


8.078 


8.265 


I 00 


5.307 


9,274 


6,300 


4.964 






110 




110 


730 




730 


9 f7t 


6.000 


41.000 


12,700 


36,000 


69,500 


14,400 


60,000 


241 


241 


360 


33T 


360 


660 


500 


660 


699 


•570 


NA 


NA 


NA 


NA 


NA 


NA 


2.570 


2,570 


4,345 


4.400 


4,345 


14,450 


6,600 


14,450 


16.127 


16.127 


32.000 


26,100 


32,000 


62.000 


38.800 


62.000 



NA NOT AVAILABLE "PRIMARY PRODUCTION MEANS PRODUCTION FROM DOMESTIC MINES OR WELLS. AND MANUFACTURED GASES 
' CERTAIN DAI A ARE WITHHELD BECAUSE OF INDIVIDUAL COMPANY CONFIDENTIALITY 
* LESS THAN ONE UNIT 

1 GA8 CONTAINING LITTLE OR NO HYDROCARBONS COMMERCIALLY RECOVERABLE AS UOUID PR<. JUCT 

4 INCLUDES NATURAL GAS U QUIDS 

•REVISED 



how the Hd/ional interest might be affected b> 
ippaienr changes in worldwide mineral supply- 
demand ftlationships The data are directed to 
the individual mineral-forming elements, com- 
mon, dossil fuels, and certain gases and mineral 
fprtns that have, or might have, some commer- 
ydal significance. 

Although the data are revised frequently to 
refleci any sign* leant changes in supply-demand 
patterns or e id-use applications, a -comprehen- 
sive updating is performed annually as current 
critical data relating to world production and 
consumption become available. Accordingly the 
tables have been revised to reflect relationships 
that became apparent at the close of 1974, the 
latest year for which relatively complete recon- 
ciled woiidv ide data are in hand. Similarly an 
analyses of probable future patterns have oeen 



re-estimaied in light of current information and 
the emerging factors that would seem to influ- 
ence future relationships. 

The minor discrepencies that exist between 
the forecasts in the commodity chapters which 
were based on 1973 data ana conditions, and 
the following tables based on 1974 data, illus- 
trate the necessity of revising these trends and 
forecasts on an annual basis. 

Reserves are particulary sensitive to changes in 
price, new mineral discoveries, and technological 
progress. Similarly, supply-demand estimates arc 
subject to revision annually because of new uses, 
substitutions, environmental devHopments, and 
the substantial changes and expansions in the in- 
dustrial world as indicated in the preceding two- 
century "Tinv: Capsule." 

Primary produ tion means production from 



37 J 
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THE NONFUEL MINERALS SECTOR 



TABUS 4.— AVERAGE ANNUAL GROWTH IN U.8. PRIMARY MNERAL DEMANO DURING 1MC-1M0. 1960-1970 
1970-1974, WITH GROWTH FORECAST FOR 1974-1 9*6 and 1974-2000 ' 

(PERCENT) 





1950- 
1960 


1960- 
1970 


1970- 
1974 


1974- 
1965 


1974- 
2000 


ALUMINUM 


57 


96 


96 


59 


50 


AN1.MONY 


-27 


2 1 


90 


36 


35 


ARftEMJC 


-27 


09 


60 


01 


01 


BARIUM 


4 2 


1 7 


43 


40 


2 1 


BERYLLIUM 


12 5 


03 


-10 2 


66 


68 


BISMUTH 


-02 


2 1 


* 4 


5 1 


25 


BORON 


40 


46 


45 


53 


46 


BROMWC 


64 


74 


1 5 


46 


46 


CAOMHJM 


03 


-07 


6 1 


3 1 


28 


CESIUM 




76 


280 


10 5 


10 4 


CHLOWNE . ... . ... 


65 


60 


29 


5 1 


5 1 


CHROMIUM . ... .... . 


45 


27 


33 


2 1 


26 


COBALT . 




4 2 


94 


1 4 


30 


COLUMBHJM 


.. 37 0 


75 


11 4 


3 1 


4 1 


copper _ 


1 4 


36 


56 


30 


30 


RUORINE .... 


45 


76 


34 


7 7 


40 


GALLIUM .... . 


320 


42 


♦ 500 


6 1 


5 1 


GERMANIUM ... 


— 


-27 


24 


29 


24 


GOLD 


* 0 


7 1 


-113 


54 


54 


HAFNIUM 


— 


36 


33 


2 1 


27 


INDIUM .. . ... 


90 


63 


10 7 


1 6 


24 


IODINE 


34 


100 


45 


4 2 


34 


IRON ORE 


04 


26 


20 


1 5 


1 4 


l£A6 ... 


2 6 


4 4 


29 


23 


1 9 


utmium 


16 0 


76 


150 


46 


46 


MAGNESIUM- METAL 


110 


65 


64 


43 


43 


MAONESILJM-NONMETALLIC 


29 


06 


-09 


36 


36 


MANGANESE 


04 


2 1 


30 


1 1 


1 6 


MERCURY 


02 


i 6 


03 


0 1 


-0 5 


MOLYBDENUM . 


63 


28 


11 7 


27 


36 


NICKEL 


20 


25 


7 7 


1 6 


26 


MTROOENCOMPOUNOS 


156 


7 7 


43 


35 


3 1 


NfTROGEN-GAS * LIQUIDS 


37 0 


230 


11 8 


3 1 


29 


PALLADIUM . . 


11 4 


35 


62 


34 


27 


PLATINUM ... 


05 


35 


2 i 0 


1 3 


1 4 


RARE EARTHS 4 YTTRIUM 


109 


178 


75 


32 


3 1 


RHENIUM .. 


— 


20O 


32 


4 1 


27 


RHQOtUM 


5 5 


4 2 


9 1 


36 


35 


RUBlOfUM 


— 


08 


16 8 


3 7 


36 


SCANDIUM 


— 


_ 


340 


4 4 


46 


SELENIUM ... 


3 7 


36 


9 1 


27 


26 


SILICON . . 


06 


76 


66 


09 


27 


SILVER 


09 


7 3 


(39 


24 


24 


STRONTIUM 


1 9 


193 


09 


22 


22 


SULFUR 


1 6 


4 5 


4 2 


2 , 


29 


TANTALUM 


130 


62 


16 7 


1 


3* 


TELLURIUM . 


6 1 


2 7 


46 


1 2 


1 6 

1 1 


THALLIUM 


4 6 


8 1 


35 0 


-28 

1 * 


THORIUM . . 


16 9 


02 


190 


46 


TIN . ... 


2 2 


1 1 


4 1 


2 1 


1 3 


TITANIUM-METAL 


23 0 


(1 6 


34 


30 


30 


TITANIUM- NONMETALLIC 


4 3 


35 


30 


36 


36 


TUNGSTEN 


56 


36 


02 


49 


45 


VANADIUM 


7 3 


12 2 


46 


57 


54 


ZINC 


1 9 


3 1 


27 


34 


29 


ZIRCONIUM- METAL 


17 5 




136 


48 


55 


ZIRCONIUM- NOHMET ALL IC 


14 5 


72 


0 5 


48 


4 4 



domestic mmes^or wells, and manufactured 

Sases. Demand for primary minerals means 
emand for minerals produced from domestic 
or resi-of-world mines or wells and excludes 
demand for stv >ndar> metals (old scrap). 

The tables included in trends ana forecasts 
are as follows: 

Table 3. — Comparison of prevailing U S pri- 
mary mineral supply-demand with pro- 
jected historical trends in domestic mineral 
production 

Table 4--Av< ^e annual growth in U.S. pri- 
mary m ,ieral demand diirm;; 1950-1960, 



COMMODITY 



1 960- 1 M0- 1 870- 1 874- 1 974- 
1860 1970 1974 19*6 2000 



ASBESTOS -03 03 36 05 1 1 

CLAYS _ 23 08 2.7 5 1 44 

ODRUNOUM* -28 -29 -169 -1 6 

DIAMOND-INDUSTRIAL 96 -5 6 10 2 36 40 

OtATOMfTE 59 14 19 49 54 

FELDSPAR 14 21 66 30 34 

GARNET 02 59 56 2.6 27 

GRAPHITE 0 2 0 4 15 3 0 1 1 ' 

GYPSUM 2 4 0 2 6 9 3 0 2 4 

KYANfTE 51 62 -4 2 90 6 1 

UME 57 44 2.6 26 26 

MICA-SCRAP 4 FLAKE ' 29 19 1 3 37 22 

MICA-SHEET -49 -17 24 -64 -60 

PERLITE 11 5 4 0 5 0 4 0 4.0 

PHOSPHATE ROCK _ 46 62 63 24 27 

POTASH 82 73 65 36 2.6 

PUMICE 119 44 56 34 34 

OUARTZ CRYSTAL 73 -3 4 14 6 31 30 

SALT 47 64 03 39 40 

SAND. 4 GRAVEL 68 2.9 09 33 30 

SODAASH 26 24 1 1 34 32 

STONE-CRUSHEO.... 166 39 46 37 34 

STONE -DIMENSION 20 -26 2.4 -1 1 -05 

"ALC _ 1 4 29 29 32 27 

VERMTCUUTE -0 5 12 10 0 40 40 

ANHRACfTE -8 3 

BITUMINOUS COAL 4 UGNTTE - 1 9 

NATURAL OAS 76 

PEAT 112 

PETROLEUM 42 

SHALE OH. - 

URANIUM 66 400 189 160 

ARGON 380 17 8 

HELIUM 192 22 

HYDROGEN . 14 0 13 8 

OXYGEN . .. 14 2 12 9 

NA NOT AVAILABLE 
'REVISED 



-8 4 
32 
57 
09 
4 1 

400 



-11 3 
1 7 
07 
56 
32 



47 
-08 
28 
26 



4 1 

-04 
29 
1 6 

67 



14 2 2 6 

M 3 NA 

43 49 

49 65 



40 



68 

53 



1960-1970, 1970-1974, with growth fore- 
cast for 1974-1985, and 1974-2000. 

Table 5. — U.S. percapita primary mineral de- 
mand in 1950, I960, 1970, and 1974, 
with forecast demand in 1985 and 2000, 

Table 6. — U.S. total mineral demand in 1974 by 
end use. 

Table 7. — World primary mineral demand in 
1974, with projected demand in 1985, 
and cumulative demand 1974-1985. 

Table 8. — World primary mineral demand in 
1974, with projected demand in 200, atid 
cumulative demand in 1974-2000 

Table 9. — U.S. secondary metel (old scrap) de- 
mand in 1950, I960, 1970, and 1974. 

Fable 10. — U.S. forecasted secondary metal (old 
scrap) demand in 1985 and 2000. 

Table II. — World mineral reserves, 1974. 

Table 12.— Comparison of world cumulative 
primary mineral demand forecasts, !974- 
*000, with ,orld mineral reserves, i974. 

Table, 1 3. — Comparison of world cumulative 
primary mineral demand forecasts, 1974- 
2000, with world identified mitral re- 
sources. 
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TAtUl-Ua. FIR CAOTA PfMsAJIY M fcWAi OtMMSP IN INS, 1M0, 1t7t, A2SD 1t74, WTTM POfltCAtT 

ftffgAHft W 1MI ANO MM 









PI 


ES CAPITA PPM 


MARY DEMAND 






oommootty 


UMTfl 
















ISM 


1220 


lS/0 


1274 


1222 


2000 


AiUfW.il . . 


FOUNDS 


120 


ITS 


2S2 


222 


241 


1242 


ANTIMONY 


POUNOS 


2 




1 


2 


3 


A 




... POUNDS 


3 


2 


2 


2 


2 


2 


SMSUM 


. . POUNDS 


IS 


74 


77 


22 


ill 


12.0 


■ervujum ... 


. . POUNDS 


(2) 


(2) 


(2) 


(2) 


|2« 


(2) 


BISMUTH 


POUNDS 


(2) 


><2) 


<2> 


(2) 


(2) 


(2) 


SORON 


POUNDS 


• 


• 


2 


10 


19 


22 


MOUM . 


. POUNDS 


5 


• 


1 7 


1 7 


22 


42 


caowum 


. ... POUNDS 


i 


1 


'2) 


1 


1 


1 


CtftUM 


.. POUNDS 


_ 


(2) 


(2) 


(2) 


(2) 


(2) 


chlorine .. . 


. . POUNDS 


a 3 


202 


202 


102 2 


1203 


2SS2 


CHPCM9UM 


POUNDS 


20 


32 


40 


23 


92 
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TANTALUM . 
TfJ UlPHJM 


THOUSAN 


0 LB 




1 ISO 


9000 


2JW0 


1 700 


4,000 


24,000 


14 MA 
***** 


THOUSAN 


0 LB 


324 


194 


47S 


970 


290 


990 


4,000 


2.000 


9,000 


TMALUUN 
THQffUM 


THOUSAN 


0 LB 




2 


2t 


1 


90 


21 


19 








• T 


to 


40 


190 


90 


00 


190 


900 


1.W 


TIN . 


*HOU8jN0LT 




194 


2X 


tt 


299 


294 


C7C 


8LS90 


*>70 


TTTiYlfUM METAL 


THOUSAND S T 


* 




tt 


29 


17 


tt 


900 




TfTHMUM KONMtTALUC 


THOUSAN 


D t T 


IIS 


1 090 


1 903 


790 


1A90 


2.090 




19.000 


22 


TUNOiTfH 


MUJON 


LB 




At 


tt 


27 


97 


114 


299 


ttt 


1 toi 


VANADIUM 


THOUSAN 


09T 


* 


20 


99 


It 


31 


47 




999 


417 


fiNC 

aNOONMMHTAL 


THOUSAN 


09T 


1,414 


4,B9S 


A 400 


2 ISO 


*9,7A0 


9949 




SStSSB 


99.400 


THOUSANOST 


* 




7 


t 


10 


19 


10 






BftCflNK « mi warn 1 1 1 1 tc 


THOUSAND S T 


At 


ISO 


2AA 


111 


294 


900 


1XM 


2.429 


, Iff 
3. 429 


ASStJBTOS 

GLAVt 


THOUSAND ST 


tN) 


9.090 


4 994 


900 


SA29 


• 124 




99400 


mm M 


MUJON 


IT 


SB 


400 


94A 


101 




7t1 




AJUO 


A ttt 


v£A)UNOUM 


THOUSAND ST 




to 


1 1 


1 


TO 




♦« 


191 


11* 


OMAAJNO 09OUSTAUL 
OMTOMm 


MUJON 


KT 


29 


90 


Tt 


97 


tv 


117 


M4 




ijoot 


THOUSAND ST 


479 


1 OSS 


*,SN) 


S1| 


2100 , 


2.9 11 


'900 






P9JLOSAAA 


THOUSANOST 




' 007 


2 JOS 


1 190 


2090 


4200 


11 'wo 


94.000 




QAMNFT 
BJM#MJTj 


THOUSANOST 


90 


s 


29 


AT 


14 


40 








THOUSANOST 


•7 


994 


491 


tt 


000 


ON) 


«!n 
990 


m!S 
3.10O 


1.170 


QVF9UW 


MUJON 


• T 


IS 


94 


79 


99 


97 


99 


970 


too 


KYANTB 


THOUSAND ST 




904 


Ml 


290 


too 


790 


1 710 


4 ,040 


• 740 


LAMS 

MCA-tCftAPiFLMC 




• T 


22 


07 


119 


29 


193 


192 


924 


1.241 


1.949 


THOUSANOST 


I24 


Tt2 


240 


199 


129 


J10 






9 100 
940400 


MCMMffT 


THOUSAND L* 


MtO 


29000 


92100 


4000 


1 1 .300 


<9'*» 


99JK)0 


4MMA 


*SALfTl 


THOUSAND 9T 


Itt 


1 too 


t 791 


029 


2,000 


1 Art 






24.900 




MUJON 


• T 


99 


00 


129 


44 


102 


207 


490 


1JA2 


1 442 


POTASH 


MUJON 


• T 


t 


20 


29 


1 


31 


40 








AUMA5S 

OLJAJVTT CtWtH 


MUJON 


• T 


4 


1 1 


11 


t 


19 


22 




147 


904 


THOUSAND LB 


9tt 


900 


709 


400 


900 


TOO 


9000 


4.490 


9 10» 


Salt 


MILL ON 


IS 


4t 


129 


172 


7k 


240 


923 


TOO 


2.000 


2.700 


SAMOA QftAVSL 


MUJON 


• T 


979 


tots 


9.A41 


1900 


9 100 


10420 


13000 


02,000 




SODA ASH 


MUJON 


• T 


7 


17 


24 


10 


29 


99 


24 


230 


990 


STONB-CNUfHSO 


MUJON 


• T 


1 Q4i 


402V 


1.0*0 


1.990 


9.000 


9 190 








■ »M*M IWWjPBPCJK 


MUJON 


• T 


2 


99 


90 


2 


9 


42 


SO 


4f 1 


441 


TALC 


TMOUSANOST 




4000 


1 004 


1 900 


1400 


7900 


13000 


99.409 


70J00 


VtAAACULlT. 


THOUSANOST 


304 


299 










4.900 


9 700 


SJSO 


ANTMUOTS 


MUJON 


ST 


t 


20< 


209 


1 


1tt 


170 


tt 


tooo 


2j099 


SmjWNOUS COAL S LlONrTt 


MUJON 


ST 


It) 


2001 


9244 


tit 


9090 


9999 


SlOO 


si .too 


40000 


NATURAL OAS 


TNUJON 


CP 


21 


90 


47 


20 


41 


91 


229 


999 


992 


ASAT 


MUJON 


• T 


1 


210 


290 


1 


270 


271 


19 


A4JA9 


2.702 


ttNDUUM 


SMJJON 


SSL 


•S 


It 


21 


•0 


19 


24 


n% 


Itt 


ITT 


SNALflOL 


MUION 


SSL 




99 


tt 


1i0 


110 


290 


990 


too 


1J30 


UftAMUM 


THOUSANOST 


0 


11 


it 


41 


99 


tOr 


224 


270 


099 


*NQ0ft 
JUUM 


THOUSANOST 


241 


940 


4tA 


900 


290 


740 


3400 


2,400 


4990 


MUION 


CF 


••to 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NVOMOOtN 


SkUON 


C* 


2 970 


ioto 


J 9*0 


4949 


1700 


13049 


39100 


79,900 


1 1/400 


OKYOfft 


MUJON 


• T 


19 


99 


tt 


92 


99 


J7 


240 


910 


790 
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TA*l£ •.—WOULD PMMAPIY MNCML MuMMO M 1074, WTTH P .CTEO DCMAMO 41 3000, AND CUMULATIVE 

DiMAM0 1174-0000 



1974 MO CUMULATIVE 1974-2000 



COMMODITY 




UMTS 


UMTCO 
STATES 




NEST C* 
WOMLD 


WOULD 


UNTIED 
STATES 


NEST Of 
OMMLD 


WONLD 


UNHID 
STATES 


NfST Or 
MONLD 


WONLO 


ALM44NtA4 




MLUON 5 T 


E 


1 1 


II 


21 


M> 


00 


3;3 


049 




002 






TltfM M*MI • T 

inuiMMW 9 T 


B0 


S7 


77 


43 


02 


'** 


004 


1417 


2,701 


■Tmhiu " 






't( 


( 


00 


30 


30 


00 


071 


000 


t,37i 






n mt m i Mii * v 
InDWNW S T 


WO 


1 7 


fJOB 


i jot 


1.100 


0.005 




03400 


lit 000 


9EHYLUUM 




t T 


300 


134) 


300 


1,100 


47t 


1 020 


14000 


7 TOO 


22000 


MMUTH 










0 


I 


*9 


*J 


_ 




22 


50MON 




TIKMMID 9 T 


tOE 


S3 


330 


340 


000 


1 030 


9400 


10000 


1O400 


8NC44NE 




MLUON m 


90S 


301 


044 


MM) 


1,107 


2J77 


l04l 1 


10073 


34 394 






THOUSANO $ T 


0 


13 


10 


13 


to 


41 


230 


000 


»44 






mAnwv LB 


IS 


it 


30 


300 


220 


420 


1 040 


2.1 3l 


4 07 1 


CHL09ME 




MLUON E T 




10 


30 


30 


74 


113 


too 


1,000 


1 004 


CHMOMHJM 






MO 


2.130 


2.000 


1,100 


4 M0 


1900 


21400 


00.000 


005 


CCEJALT 






** 
** 


40 


01 


43 


04 


137 


70S 






COLUMMUM 




MLUON LB 


E 


'J 


30 


32 


OS 


J? 


307 


1.O10 




CQPQEW 








•JM3 


7jm 


4,200 


10.000 


2ZJ0D 


70400 


279,000 


•30^000 


FLUONJNE 




THOUSAND 8 T 


MJ0 


1 J00 


2J07 


1J0O 


MOO 


7430 


30400 


01400 


134 700 








7 


s 


13 


30 


1| 


*^ 


442 


292 


904 


QEfMIAMUM 




THOUSAND Li 


** 


112 


HO 


0i 


*5 


OH 


1,000 


44E0 


S 020 






MLUON T OZ 




22 


30 


IS 


43 


00 


224 


*?? 








E T 


4© 


2S 


00 


00 


72 


112 


1 too 


1400 


2.700 






tWMIiUJf\ T AT 


025 


075 


1.000 


1.930 


1.700 


3.300 


30400 


21000 


09400 


ICOME 




MLUON LE 


7 


10 


23 


10 


40 


M) 


310 


•to 


1 002 


HON ONE 






El 


470 


000 


120 


1,000 


1 !? 


2400 


10000 




LEAD 




ntWinNU 9 T 


191 


2401 


3.30B 


1.930 


0.040 


7.S70 


31 too 




warn 






INWBWH B T 


S 


3 


0 


14 


it 


20 


217 


2l3 


430 






mumwo s t 


123 


100 


200 


200 


sot 


000 


1000 


•400 


it 200 


MMSNEBfUMNONMETALUC 




THOUSANO S T 




4.400 


0,410 


2J00 


7 tOO 


10,470 


44000 


lS7 000 


201 000 






THOUSAND ST 


1 ME 


S73B 


lOJBO 


2.130 


30400 


22.030 


40000 


302000 > 


400000 






THOUSAND f\. 


83 


103 


230 


47 


222 


300 


1300 


5400 * 


00O0 


MOLWCMUM 




MLUON LB 


70 


124 


300 


100 


303 


SOS 


3420 


ll40 


0400 






THOUSANO ST 


Jit 


507 


770 


300 


1J00 


i 030 


7400 


22 lOO 


20400 






MLUON E T 


il 


40 


•3 


20 


07 


130 


S30 


1 700 


2420 


MTWQ0EM-OAI A LIQUIDS 




MLLION E T 


t 


10 


27 


10 


M 


S3 


340 


000 


1 020 


^LATIlSjlJ' 




imwwiw T OZ 


•73 


077 


1.000 


1.340 


3,730 


1070 


20000 


95.0UO 


11,000 








940 


1J02 


2.700 


tjtt 


3101 


4,000 


27400 


0000 


07000 


n^^K CMfiinv • ti invM 




THOUSAND E T 


IE 


11 


27 


34 


40 


"J 


029 


000 


1 233 








5 


2 


7 


t 


1 


IS 




too 










Si 


100 


too 


121 


100 


20* 


2400 


1900 


1700 


-~'!'' 




LB 


1I1O 


1,000 


2JM0 


3000 


3.000 


0,000 


S2JJ0& 


M400 


100 700 






KG 


• 


1 


12 


17 


10 


to 


300 


310 


970 


SCLEMLM 




THOUSAND LE 


* sso 


1.000 


2.001 


30B0 


4400 


7,470 


90400 


03000 


122.000 


BSJCON 




THOUSAND IT 


MM 


1JM0 


1 MM 


1.300 


4400 


0400 


21400 


99.400 


70490 


9E.VCM . 




MLLION TOZ 


114 


200 


374 


230 


400 


000 


4400 


1000 


13.900 


STNOMT1UM 




THOUSAND E T 


30 


30 


09 


30 


S3 


07 


700 




\ MS 








1 f 


30 


40 


23 


07 


HO 


430 


1 STO 


1 mm 


TANTALUM 




THOUSAND LB 


'.MM 


1 100 


3.000 


4.000 


3.400 


0.000 


O14OO 


M.000 


lH.OOO 






THOUSAND LB 


314 


104 


470 


no 

1 


300 


770 


11400 


9400 


10400 






THOUSAND LB 


10 


2 


2> 


30 


21 


42 


*S0B 


930 


TMONKM 




ET 


00 


40 


130 


too 


300 


010 


3400 


1000 


7 400 






THOUSAND L T 


** 


HM 


330 


04 


SB 


340 


1 400 


0 100 


7 900 


TTTAMMJMMET AL 




THOUSAND S T 


21 


20 


00 


40 


100 


♦4| 


1400 


2400 


3400 


IfiMmMrMOMMKlMUlC 




THOUSANO E T 


120 


1030 


1 J03 


1,300 


4000 


1400 


23400 


S9.400 


02400 


tunqcten 




MLUON LB 


10 


00 


00 


40 


120 


174 


TOO 


2,400 


1270 


VAMAOHJM 




THOUSAND E T 


4 


30 


30 


to 


S7 


00 


409 


0*0 


1 420 






TMOUSM4D 8 T 


1 404 


4,000 


BMM 


3400 


0,300 


12400 


97 400 


102400 


230 900 


ZMOOMIUM'MXTAL 








* 


I 


12 


St 


















ISO 


300 


ttO 


3M1 


MJ2 


3470 


74*0 


•Attn 

10.410 


A8MESTQB 




THOUSAND E T 


040 




1.000 


4JW0 


1 114 


0.430 


♦04*4 


39400 


1 02400 


100 lOO 


CLAY9 




MLLION E T 


00 


400 


040 


»01 


800 


1411 


2470 




20470 


CORUNDUM 




THOUSAND ET 




•0 


12 


1 


21 


St 


30 












20 


00 


7t 


70 


HO 


230 


1 l|T 




1000 






TWOIMAMD ET 




'.000 


1 JH2 


1 700 


MOB 


7.HM 


SMOv 




07 TOO 


mm MMUUk 




THOUSAND E T 


033 


1 007 


2J00 


2.000 


1.000 


S400 


30 100 


M) 900 


124 000 






THOUSANO ST 




0 


30 


to 


20 








1413 






thousand e t 


07 


334 


431 


130 


1,100 


1 J90 


2.000 






OtFfoM 




MILLION E T 


10 


04 


73 


30 


to 






t sso 


2440 


KYAMFTf 




THOUSAND E T 




000 


<D 


000 


1000 


1400 


0430 


*li30 


21*000 


LM 




MBJJON ET 


tt 


07 


110 


43 


100 


too 


929 


3701 


4989 


MCA KMP A HAKE 




THOUSAND ET 


134 


itt 


240 


2lt 


too 


37| 


44OO 


3000 


. .^99? 


MJCA-SHMT 




•"OulAND LB 


' 100 


20 BOO 


St. IBS 


1«4l0 


7400 


MtO 


03.700 


357400 


447400 


rENUTfi 




THOUSAND ET 


0M 


1,100 


1 731 


1.000 


3J00 


1400 


14,700 


09400 


onoo 


PHOSPHATE HOCK 




MBJJON E T 


30 


00 


133 


00 


307 


400 


l4l0 


1440 


• 000 


POTASH 




MLLIQN ET 


E 


00 


20 


12 


40 


00 


BBS 


B3B 


1 .007 






MBJJON ST 






11 


to 


to 


to 


100 






OUAfflZCftTSTAL 




THOUSAND LB 


200 


000 


TOO 




too 


070 


11400 


1400 


30.700 


•AIT 




MLUON ET 


40 


133 


171 


W7 


OiO 


TOO 


tots 


•490 


10.489 


BAND 1 0NAV9JL 




MLLIQN E T 


•70 


USE 


4041 


EBBS 


1SJ0O 


17100 


30400 


203 000 


302.000 


IOOA ASH 




MLUON E T 




17 


34 


M) 


. _f? 


OS 


200 




1.085 


STOKE -CNU8HED 




MLUON 8 T 


1 £41 


4.000 


1070 


2.000 


12.300 


14400 


43,000 


t07,300 








MLUON E T 






31 


f 


47 


4§ 


47 


1407 


1.114 


TALC 




THOUSAND ET 


1 Oh* 


4.000 


1004 


t.ioe 


11. £00 


13400 


40400 


M7 100 


217 800 


VEWAtCUUTE 




THOUSANO E T 


304 


300 


007 


000 


1,110 


2410 


11400 


11000 


30 000 


ANTHRACITE 






• 


001 


000 


1 


130 


130 


130 


4400 


«4lQ 


SmMSMOUS COAL A UOWTTf 




MLUON tT 


sso 


2.001 


3*44 


ISM 


3JB0 


4.7BS 


00700 


7740O 


101.700 


NATURAL OAS 




TftUION C t 


21 


SO 


47 


10 


00 


to 


ttt 


1 ISO 


1401 






mluon ET 


1 


210 




t 


200 


too 


40 


74E0 


7300 


MJTNOLtUM 




MLUON SSL 


•0 


It 


11 


M 


to 


to 


MOO 


BOO 


710 


iMAUOE. 




MLLION SSL 




to 


to 


730 




1400 


TB0O 


3400 


torn 


UAAMUM 




THOUSAND E T 


0 


11 


10 


00 


124 


too 


tost 


1 773 


2.090 






THOUSAND ET 


241 


24S 




000 


070 


•330 


It M0 


11 too 


22400 


HEUUM 




MLLION Cf 


»S?0 


NA 


NA 


NA 


NA 


NA 


NA 


MA 


NA 


HYONOQSM 




MLUON Cf 


2»70 


WOO 


7 000 


14 400 


21 tOO 


IB MO 


100000 


192400 


Ml 400 


OKYQBM 




MLUON ST 


to 


20 


00 


00 


00 


140 


too 


1400 


1400 
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THE NQNFUEL MINERALS SECTOR 



TAMLf t^uaMOONOAIIVIHTAL XD SCRAP) 



M 1910, iM 1970 AND 1t74 



MCOWPMtV O EM A NP 




THOUSAND f T 






TNOUMNOtT 


3* 


t» 


IT 


tao 




THOUSAND LB 


IW 


MA 


THOUSAND IT 


277 


m 


THOUSAND LB 


it* 


tit 


TWOUBAH01T 


1717 


m 


THOUSAND TOZ 


)«• 


1000 


tttUON f T 




33 


TNOUSANDCT 


» <M 


4j§ 


THOUSAND »T 


a 


1 


THOUSAND*. 


44 


t 


thousandst 


H» 


} 


THOUSAND TO* 


190 


ft 




X» 


M 


THDUMMOTOT 


14 


NA 


mujqn rot 


HI 


10 


THOUSAND LB 


HO 


NA 




»? 


Bfl 


THOUSAND LB 


• 717 


200 


THOUSAND 1 T 


i8t 


n 



t 

20 

27 

m 
m 

n 



OEttAND 


CUAMTTTV 
WMfTTTT 


moff 

OF TOTAL 


OCWAND 


QUANTITY 


pendent 

Of TOTAL 


DEMAND 


Quantity 


PERCENT 

Qf TOTAL 


>. NO 


00 


0 


4 tao 


t77 


4 


0222 


304 


5 


31 


so 


01 


39 


It 


tt 


43 


23 


53 


*M 


- 


— 


300 


2 


t 


300 






• Ml 


■ 


t 


2.311 


71 


3 


2374 


t 


(D 
It 


3t1 








07 


IS 


029 




to.no 


•40 


2 


10.290 


« 


Ml 


23 453 


270 


1 


1 KM 


430 


m 


2071 


•04 


24 


2430 


403 


30 


4301 


till 


20 




2 711 


t\ 


4 510 


MO 


14 


•7 


n 


M 


t17 


33 


ao 


>» 


51 


V 


toot 


470 


47 


1335 


900 


M 


t 532 


oat 


31 


M 


4 


7 


M 


1 


i 


tS> 


i 


1 


•1 


1 


1C 


02 


1 


13 


09 


i 


M) 


WO 


f7 


Ml 


r% 


40 


24 


M4 


M 


23 


*u 


M 


• 


737 


'tt 


27 


m 


213 


« 


Uft 


17 


tt 


910 


1 Of 


21 


u* 


M 


10 


» 


1 


4 


40 


l» 


27 


OJ 


tl 


II 


107 


40 


a* 


>20 


91 


43 


171 


54 


tt 


S70 


70 


ta 


l XM 


215 


i« 


2272 


J>2 


14 


Ot 


22 


27 


75 


20 


27 


IT 


It 


It 


MOW 


200 


2 


!0 TOO 


900 


3 


10201 




4 


ION 


m 


7 


t.374 


72 


9 


(ISO 


75 


5 



NA NOT AVAILABLE 

• LEW THAN ONE-HALF L 



TABLE 10.-4J.S. FORECASTED SECONDARY METAL (OLD SCRAP) DEMAND IN 1965 AND 2000 



2000 



COMMOOITY * 



UNITS 



TOTAL 
DEMAND 



SECONDARY DEMAND 



ALUMMUM THOUSANDST 

ANTIMONY THOUSAND ST 

BERYLLIUM st 

BISMUTH THOUSAND LB 

CHROMHAM THOUSAND ST 

COgALT THOUSAND LB 

COPPER THOUSANOST 

GOLD THOUSAND T 02 

WN _ MNJJON ST 

HAD --• THOUSAND 8T 

THOUSAND S T. 

MERCURY THOUSAND FL 

NICKEL TKJUSAND8T 

palladium thoubandtoz 

PLATMUM THOUSAND TOZ 

AHOWUM THOUSAND TOZ 

SILVER _ MILLION TOZ 

TANTALUM . . THOUSAND LB 

TIN THOUSAND LT 

TITANIUM — THOUSAND ST 

TUNGSTEN THOUSAND LB 

2NC - THOUSAND ST 



11,900 
SO 
430 

4.220 
7B0 
27,900 

3,000 

7.900 
100 

2.000 
207 
82 
380 

1,200 

1.280 
90 
225 

2,800 
71 
45 
27.700 

2,230 



TOTAL 



SECONDARY DEMAND 



QUANTITY 


PERCENT 
OF TOTAL 


DEMAND 


OUAW TY 


PERCENT 

OF TOTAL 


TOO 


8 


227980 


" 2.000 


9 


29 


49 


90 


40 


44 






1,170 


20 


2 


120 


3 


4,720 


220 


5 


90 


10 


1.240 


140 


11 


900 


3 


44,700 


1.700 


4 


900 


25 


8.000 


1.900 


30 


900 


11 


17,000 


1.700 


10 


89 


35 


198 


89 


34 


900 


40 


2.430 


900 


37 


12 


6 


395 


30 


8 


9 


15 


58 


11 


10 


100 


28 


550 


165 


30 


lib 


19 


1,580 


240 


15 


306 


24 


1.440 


2)5 


15 


15 


17 


145 


20 


14 


98 


29 


310 


80 


28 


300 


12 


5.300 


700 


13 


13 


19 


80 


16 


20 


18 


38 


70 


25 


36 


1.000 


4 


51,800 


2,400 


5 


110 


S 


3.200 


150 


5 
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TABLE 11. -WORLD MINERAL MtEMVEt 1 , 1974 



COMMODITY 


UMTS 


UMTEO 
STATES 


OTHER 

AAA«MTA 

AMEMCA 


SOUTH 
AMERICA 


tuwt 


mca 


ASIA 


UCEAfWA 


WORLD 

TOTAL 


ALUMINUM 


MLUON 


ST 






Tfr 




*7»» 






3 840 


ANTMONY 


THOUSAND 


ST 


im 


MA 




r~ 


~~ 


9M0 


IM 


tlOA 




THOUSAND 


9 T 


aun 




000 






inft 






SARJUM 




S T 






* 




Ift 
** 






«o 

i2 


SSRYtUUM 


THOUSAND 


S T 


28 




182 


•7 


54 


7) 


12 




SMMUTH 


MJLUON 


LB 


28 


17 


13 


15 


' 


56 




131 


BORON „] 


MLUON 


S T 








^» 




'a 


"~ 










* 


* 


* 


* 


* 


* 






CAOMKM 


THOUSAND 


9 T 




125 










140 


830 


CESIUM 


MLUON 


LB 










* 




_ 


n 


















* 




* 


chromium 


MLUON 


ST 






— 


M 


can 






* 


COBALT 


MM, ION 


UJ 


_ 


130 






2J84 




4110 


9,404 


COLUMBfUM 


BLUON 


LB 




2 


™ 










Jw 


COPPER 


MUCK 


ST 


















FLUORBS1 


MILLION 


ST 




* 


* 








(2) 


a* 


QALUUM 


MLLION 


KQ 










48 






1 10 


QERMAMUM 


THOUSAND 


LS. 


toe 


300 


300 


too 


800 


too 


200 


4.000 




MLUON 


T OZ 


120 


S3 


21 


200 


•50 


35 


28 


V320 


HAFNRJM 








* 




* 


* 


* 


* 


* 


MOMJM 


. . ML HON 


TO* 




13 














IOOME 


. MLUON 


LB 


530 


— 




■a 




4,010 




i«S 




BLUON 


8 T 


* 


12 


20 


40 




11 


in 




U»A|> 


MLUON 


S T 




25 










■ 


1« 


UTHJUM 


THOUSAHD 


8 T 


327 


100 


ift 




ion 
100 


A 




744 


MAGNESIUM 








* 


* 


* 




* 


* 


* 


ftMMVAftftt 


MLUON 


S T 










AOS 








MWCURY^ 


THOUSAND 


fl 


440 


370 


30 


3425 


30 






4^00 




BLUON 


LB 




2 


* 






1 






MCMCL 
MTROBEM 


MLUON 


8 T 




'a 












P/WXAOHJM 


MLUON 


T OZ 


(2> 


* 
* 






I? 










MLUON 


TOZ 


(2) 


* 


W 










267 


MkJK CAJITtA A VTTMM 


THOUSAND 


S T 


1.05* 








7n 






7,766 




THOUSAND 


LB 


2C0O 


ift 
410 


On 
520 




> 
* 






5,340 




. MLUON 


TOZ 


(2) 


(2) 














RU6J0PJM 


THOUSAND 


LB 




1 12 












2,100 


SCAMMJM 


THOUSANO 


















770 


SELEMUM 


MLUON 




77 








*i 






370 


8BJ00N 








A 




A 


A 








sb,*zr . 


MLUON 


TO* 


1 500 


1500 


830 


2.000 


SO 


25 


208 


6,000 


STRONTIUM 


THOUSAND 


9 T 


- 


. 1000 


20 


2420 


" 


to 


— 


3JO0 




MLUON 


L T 


230 


508 












^"^46 


TANTALUM 


MLUON 


LS 


~ 


7 






ion 










MLUON 


LB_ 


if 


!* 






!? 












«4* 














5D 

TT 


640 


1MGMIJU 




9 T 


*~ 




7« 




An 






780 






I T 






44H 




TO* 


•Jl5 


330 








8 T 


* * 


«7 






» 


132 


20 


378 


TUNGSTfN 


AJLUON 


LB 




400 








2,600 




olio 


VANADIUM 


/THOUSAND 


8 T 


' '* 




290 


80J5 


20w 




i«e 

~~ 


"2! 




/ MLUON 


8T 


50 


43 














MM.CPBUM 


^ thousand 


9 T 


6.000 


1,000 


,000 


aom 


sonn 
2,000 


? 000 


7000 


92 000 

* 


■ II Ml 


MLUON 


L T 














* 


160 


CUWS*'** 












A 


A 






* 


OOWUMDUK 












* 










CTATOMTTE 


M1LKJN 


8 T 


800 




70 










•^Oftft 


rSLOSPAfl 


MLUON 


8 T 


800 


110 


40 








10 




Garnet 


THOUSAND 


8 T 


700 






500 


ann 
1 000 


in 


in 






MLUON 


ST 


(2» 




{2) 






4 


(2) 




GYPSUM . . 


MLUON 


8T 


360 


520 


40 


™ 






*° 




KVANTTE . 


MUUON 


8 T 


30 


10 




25 






(2) 


100 
















A 


A 






MJCA-SCRAP6 FLAME . 






















MJC4-SHEET . 


MLUON 


iB 


(2) 


- 


2 


- 


4 


27 




33 




MLUON 


9 T 














10 


1.000 




MLUON 


9 T 


!m 




M 


830 


I2A40 


340 


1 120 


1T.712 


POT ASM 


MLUON 


8T 


*™ 


5090 


ft 
J* 


8,$1l 


an 


*40 




1 1.000 




MLUON 


8T 


250 




2 




in 




30 


2,066 


SALT . 






* 




* 


A 


A 

* 


* 


jj 




•AND ft l^AVEL 




















A 


SODA ASM 






A 


A 


A 


A 


A 


A 


A 


A 


STONE CRUSHED 






A 


A 


A 


A 


A 


A 


A 


A 
















A 




A 


A 




MLUON 


8T 




♦0 


* 








10 


330 


YEPMKUL/Tl 


MLUON 


8T 


100 






5 


75 


5 




186 


ANTHfMjOJTf 


MLUON 


8T 


3900 




8 


3.828 


30 


Wk 




7680 


srnjMjMous coal 4 uqmte 






A 


A 


A 


A 


A 


A 


A 


A 


WUVL0A8 


TRLUON 


CF 


237 


66 


89 


678 


186 


623 


71 


2,146 


PEAT ... 






A 


A 




A 




A 




A 


PETROLEUM 


■UtON 


SOL 


M1 


as 


24 


112 


88 


446 


2 


•790 


BMAtf OB 


BLUON 


SSL 








30 




20 




SO 


URAMJUM 


THOUSAND 


ST 


•287 


204 




11 


284 




240 


1.066 


ARQON 






















HEJUUM 


SLilON 


CF 


153 


1 












164 


HYDROGEN 






A 


A 


A 


A 


A 


A 


A 


A 


OKYOEM 























A mOEOUATC , 

• tOiMTHCD 4>«BDURCf S ARE SPECIFIC BODIES OF MtRTRAL-SEARPlO MATCRML MH08C LOCATION. OUAUTY. ANO OUANTTTY ARE KNOYW* PRHM 
GEOLOGC EVPXMCE SUPPORTED BY ENQJNEERPJQ MEASUREMENTS RTTH RESPECT TO THE DEMONSTRATED CATEGORY, AND INCLUDE RESERVES 
AND SUBECONOMC RESOURCES ME RFSfRVE IS THAT PORTION OP THE 8XNT8NE0 rEBOURCE PROM MMCH A UEAMUI MN ER At OR ENERGY 
COMMODITY CRN SE ECONQMCAUY AND LEGALLY SXTRACTEO AT THE TBI OF 0E7ERMNATI0N 

' LESS THAN ONE UNfT 

1 PtauOtS NATURAL OAS UOXtOS 

• REVMjED *2i "ttl TO 688 8B1ION BARRELS 

• 780, TORS AT S30AB (FEDERAL ENERGY RESOURCES COUNCIL, 6/iff^t) 



ERIC 



37B 
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TAiU 12.-COMFAIWON Of WOULD CUM UtATIVl P fMMAHV MMKfUL OCMANO FORECASTS, 1I74-M00, WfTH 

wo«u> nomno mmmal wmrves 



H»««rMWWUtOB^HO „ mtioopriooverasle 

10744000 MWERAL RESERVES, 1074 RESERVES TO 
CUMULATIVE DEMAND 



UMTH) KMT OF 
WTATES WORLD W0 " L0 



AUPMJNUM 
ANTIMONY 



EfRVUlUM . 



*T 

THOUSAND | T 
THOUSAND ».T 
• T 

THOUSAND *T 



MUJON §lT 



COBALT . 

COPPER 
RUORJNE 



GOLD 
HAFNM4 . 



THOUSAND S.T 



• T 

fc-T 
L* 



S.T 
ST 

THOUSAND KQ 
THOUSAND LS 

TOZ 
S.T 
TOZ 



MONONE 

ICAD 

LITHIUM 



MANGANESE 
MERCURY 
MOLVBOENUM 
MCKEL 



PALLADIUM 

PLATINUM 

RARE EARTHS 6 tTTRluM 

NHEMUM 

RHODIUM 



SCANDHJM .. 

9ELEMUM . 

SUCON . 

SILVER 

STNONTUM 

SULFUR . 

TANTALUM 

TEUUMUM .. 

THAUJUM 

TMONOM 

TIN . . 

TITAMUM 

TUNGSTEN 

VAHAOUM 

UNC 

SNCOMUM 



• T 

MUJON ST 
THOUSAND SJ 
MUJON 8-T 
MUJON ST 
THOUSAND PL 
LS 

• T 
ST 

MUJON TOZ 
MUJON TOZ 
THOUSAND I T 
THOUSAND LS 
MUJON TOZ 
THOUSAND LS 
KG 



ST 

MUJON TOZ 
THOUSAND S T 
MUJON LT 
MUJON LS 
MUJON LS 
THOUSAND LS 
THOUSANOST 
THOUSAND LT 
ST 
LS 
>ST 

MUJON SJ 

..... %r 



AS6CST06 

CLAYS . 

CCaUNDUM 

WATOMJTt 

FELDSPAR 

GANNET 

GRAPHITE 

GVFS»JM 

KVANTT5 . 

LIME 

MCA-SCRAP 4 FLAME 

MKASHEET 

FENtfTE 

FHOSFHATE ROCK 

FOTASH 

FUMCE 

SALT 

SAND A ORAVEL 
SODAASH 
STONE-CRUSHED 
STQNE- DIME NSI ON 
TALC 

VENMCUUTE 



ST 

•CaICN ST 
THOUSANOST 
MUJON ST 
MUJON |T 
THOUSAND • T 
MUJON . ST 
MUJON S.T 
ST 
ST 
S 7 



MUJON 
MM. DON 



.MUJON 
MLLION 



m jon 

SUJON 
MUJON 
SUJON 
MLLION 



MUJON 



ST 
ST 
ST 
ST 
ST 
IT 
ST 
ST 
ST 
ST 
ST 



SIS S4S 



•70 

» 

IS 
§7 
8 
It 



»JHO 
Stt 

21 

too 

St7 
70 
St 
443 
1.000 

n* 

1.100 
30 
310 

3 
31 
217 
90 
40 
1.300 



20 

27 
A2fl 
171 
2 
S3 
2*0 
SO 
23- 
4.500 
700 
431 
•1 
II 
42 
3 

1.400 
20 
TOO 



36 
740 
3 
000 

7 



to 

2S 
Ult 
220 
100 
2 
3f 



47 
40 

IS 



ANTHRACITE 

SfTuMJNOUS COAL S LIGNITE 
NATURAL GAS 

fZAT 

PETROLEUM* . 
SHALE OH 
URAMUM 



S3 
t 

1S3 

II 
10 

sot 

2.131 
10SS 
SO 
1.774 
1.01S 
275 
M 
262 
4.0*0 
032 
1200 
30 



2701 
1.371 
110 
21 
270 
It 
34 
744 
4.071 
1004 
101 
2,007 



10 
100 
000 

38 

St 
St 

20 



too 

120 



IS 
104 
213 
107 
302 
5.300 
0 
22 
2J60 
96 
70 

too 

100 



310 
03 
50 

0.000 
1060 
1.570 
54 
5 

500 
4 

6100 
01 
2.400 
040 
102 
0 



430 

217 



3240 
01 
07 
1233 
270 
0 
101 
570 
122 
70 
13.800 
1.730 
1000 
130 
10 



80 

327 



460 
t 

(2) 

A 

(2) 

to 

6064 
2000 

(2) - 



it 

150 
140 
42 
32 
230 
115 
50 
t 



17 
301 
71 
00 



t 

263 

777 
1f7 
1.087 
107 
IS 



20 
417 
67 
125 
1213 
20 
2.540 
22 
4.520 
0 
440 
00 
600* 
1.007 
003 
10 
302 
1000 
241 
I 114 
227 
30 



000 

TOO 

J2) 



<2> 

200 
2900 

200 
1250 



NEST OF 
WOP D 


WORLD 


\9MTtt 
«TAT*4 




REST OF 
WORLD 


WORLD 


3JJ00 


3640 


— 


66 


40 


4.4*8 






23 


1 1 


3,000 


3600 


12 


4J 


20 


' OS 


100 


1 0 


* 




101 


410 


16 






100 


131 






i 5 


to 




4< i 




60 


A 


*J 








too 


630 


j 






A 


A 






J 


A 


A 








§77 


577 




7 2 


S 7 


6404 


6404 




30 


9 1 


24,000 


24,000 






! 


300 


400 


12 


1 3 




30 


3* 


1 






A 


A 


23 






6100 


4,000 


g 




7 


1200 


1 320 


3 






A 


A 








3* 


4f 


_ 






5220 


67S0 






57 


M 


100 


1 3 




4 5 


100 


106 


1 f 


10 




417 


744 


1 S 


2 0 


w 


A 


A 








2.013 


2013 




50 


4 y 


4.400 


*,630 


3 


j 




7 


13 


2 0 






•o 


go 




2 7 




A 


A 








154 


164 




la 


34 


207 


207 


n 


42 




2718 


7700 




46 


A3 


2 740 


6340 




■ 




17 


17 


— 


43 


26 


2.100 


2 100 






A 








" 


209 


370 




4 * 


3 0 


A 


A 








4.900 




3 




4 


3.500 


6900 




36 


20 


1,770 


2,000 








140 


140 


_ 




1 1 


10 


07 


1 0 


64 


400 


640 


30 


1 0 


12 


640 


700 








10.070 


10 120 




1 7 


13 


344 


370 


1 3 


St 


44 


6060 


3024 


3 


1 5 


12 


10575 


10,000 


2 




75 


210 


260 


0 


1 2 


1 1 


18 


22 


20 


20 


20 


15V 


100 


3 


0 


t 


A 


A 








. A 


A 








1.400 


2000 








300 


too 




43 


7t 


1 530 


2230 


0 


33 


It 


10 


10 




■ 


1 


1.700 


2,050 


5 


t 


6 


70 


100 


43 


47 


46 



ST 
ST 

TRILLION C f 
MUJON OT 
SUJON SSL 
SUJON - Stk 
THOUSAND ST 



130 
2S7O0 
522 
40 



4200 



4,410 



77.000 102 TOO 
1.100 



7220 
520 



7J0O 
710 



ARGON 



MYOROQEN 
OXYGEN 



ST 

SUJON CP 
TRUJON CP 
MUJON ST 



1500 2.400 



33 


33 




1 


1 


too 


1000 


60 






I52i 2 


17 712 


It 


20 


2t 


10.000 


11.000, 


t 




015 


2,06b 


60 


1 7 


3 1 



150 


110 


330 


30 


1 0 


IS 


100 


00 


100 


07 


00 


13 


3 900 


4.150 


7090 




10 


1 7 


A 


A 


A 








237 


1 tot 


2.140 


5 


1 • 


13 


A 


A 


A 








41 


071 


720 


2 


1 3 


10 




A 


50 








287 


m 


1006 


3 


s 


4 



HA NOT AVAILABLE A ADEQUATE 'RATIO OF 10 OR MORE — — = 

OlClSffiSS^^ "O QUA*™ ARE KNOWN FROM 

^SmSS^mkoS^ IZf^^J^ZfSVSZ^J^*™* TO ™* demonstrated category, and include pcseytvei 

» UNITED STATES INCLUDES NATURAL GAS LtQWO* 
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TABLE 13k-COMPA«80N OF WORLD CUMULATIVE PRIMARY MINERAL DEMAND FORECASTS, 1974-2000, WITH 

WORLD MINERAL RESOURCES 1 , 1974 



COMMOOTTY 



UNITS 



PRIMARY MINERAL D€MANO 
1074-2000 



STATES WORLD 



IDENTIFIED MINERAL 
RESOURCES 



RATIO OF IDENTIFIED 

RESOURCES TO 
CUMULATIVE DEMAND* 



ALUMINUM (BAUXITE ONLY)' MILLION ST 316 646 

ANTIMONY THOUSANOST 664 1,917 

ARSENIC THOUSAND ST 675 606 

BARIUM MILLION ST 36 63 

BERYLLIUM THOUSAND S T 15 6 

BISMUTH MILLION LB 67 163 

CADMIUM THOUSANOST 236 506 

CHROUUM MILLION ST 21 90 

COBALT _._ MILLION LB 793 1,774 

OOLUMBIUM , MILLION LB 367 1,016 

COPPER* MILLION ST 78 275 

FLUORME .... MILLION ST 36 06 

GERMANIUM ~ THOUSANO LB 1,600 4,020 

OOLO _ MILLION TQZ 224 632 

•MUM MILLION TQZ 30 35 

IRON ORE BILLION ST 3 10 

LEAD , MILLION ST 31 105 

LITHIUM THOUSANOST 217 213 

MANGANESE MILLION ST 46 362 

MERCURY THOUSAND FL 1,300 5,300 

MOLYBOENUM - BILLION LB 3 6 

NICKEL MILLION ST 7 22 

PALLADIUM* MILLION TOZ 26 55 

PLATINUM* MILLION TOZ 27 70 

RHOOIUfcP MILLION TOZ 2 4 

SELENIUM MILLION LB 50 63 

SILVER MHXION TOZ 4,500 9,000 

STRONTIUM THOUSANOST 700 1,060 

TANTALUM MILLION LB 61 54 

TELLURIUM MILLION LB 11 5 

TIN THOUSANO LT 1 400 6.100 

TUNGSTEN MILLION LB 760 2.490 

ZINC MILLION ST 57 i$2 



WORLD 


UNITED 
STATES 


REST OF 
WORLD 


WORLD 


UNITED 
STATES 


REST OF 
WORLD 


WORLD 


962 


50 


6,260 


6,310 


0.2 


97 


66 


2,781 


130 


5.460 


5,560 


2 


28 


2 0 


1,371 


3,800 


9.400 


13.200 


5.6 




9 6 


119 


230 


770 


1.000 


64 


93 


6 4 


23 


80 


1,138 


1,216 


5 3 






270 


36 


257 


293 


4 


1 4 


1 1 


744 


1,780 


19,030 


20,610 


7 5 






101 


2 


1,155 


1,157 


1 






2 567 


1,684 


7,756 


9,440 


2 1 


4 4 


3 7 


1,385 


320 


31,970 


32,290 


9 






353 


410 


1,640 


2,050 


5 3 


80 


58 


134 


15 


60 


75 


4 


6 


6 


5,620 


1,500 


7.000 


6,500 


9 


1 7 


1 5 


1,056 


240 


1.660 


1,900 


1 1 


20 


1 6 


65 


20 


89 


109 


7 


25 


1 7 


22 


16 


197 


215 


60 




98 


136 


119 


211 


330 


38 


20 


2 4 


430 


927 


1,178 


2,105 


43 


55 


49 


406 


7 . 


3.526 


3,600 


1 6 


97 


66 


6,600 


900 


16,610 


17,510 


7 


3 1 


2 7 


9 


35 


28 


63 




4 7 


7 0 


29 


15 


106 


123 


2 1 


49 


4.2 


61 


80 


475 


565 


3 1 


66 


69 


97 


120 


725 


845 


44 




67 


6 


10 


50 


60 


50 






122 


347 


1,038 


1,385 


59 




1 * 


13.500 


5,700 


16,930 


22,630 


1 3 


1 9 




1,750 


1,700 


A 


A 


24 






135 


3 


573 


576 






43 


16 


82 


245 
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I. RESEARCH SCHEME 



In this report the demand for a material during any particular year - as of the turn of this century, in 2000 - 
is derived as the product of two components: the level of o/erall economic activity at that time and the 
intensity -of -use of the material at that level of overall activity. The task of estimating materials requirements in 2000 
thus divides into one of estimating national product and one of estimating the amount of material needed in the 
production of one unit (in dollars) of national product in 2000. The first component (level of national activity) will 
of course be the same for all materials. This contributes some consistency among estimates for different materials - 
a matter of particular concern when estimates are presented for a remote date. The second component 
(intensity-of-use) has a basic technological dimension. For it must give emphasis to the role of changing methods and 
alternative materials in the process of production as economic activity evolves over time. Both components must rest 
upon the historical record in all parts of the world treated here. Past data for consumption (production + imports - 
exports - usually termed "apparent consumption ") are readily separated into these two elements. 

The world is considered in 10 subdivisions selected for relevance to the present concern - estimates for 
non-US. demand, patterns of demand change in developing lands, for example - with enough homogeneity in a 
subdivision to permit common assumptions about changes in intensities-of-use of materials and in rates of total 
economic growth. The following "regions" are used (and designated by number in the tabular presentation): 

1 . Western Europe - OECD countries, plus Greece, Portugal, Spain, Turkey 

2. Japan 

3. Other Developed Lands - Australia, Canada, Israel, New Zealand, South Africa 

4. Union of Soviet Socialist Republics 

5. Eastern European Countries - bloc countries plus Albania, Yugoslavia 

6. Africa - minus South Africa 

7. Asia - minus Israel, Japan, Mainland China and related areas 

8. Latin America 

9. China - plus Mongolia, North Korea, North Vietnam 

Commodity estimates for the tenth unit, the United States, are not presented explicitly in the body of the present 
report although considerable use is made here of the well-documented United States record in materials. 1 

With respect to gross domestic product - the measure of overall economic activity adopted for this report — 
the initial step was selection of a recent base year in which comparable total output estimates (in VS. dollars) could 
be made available for each of the units (regions) into which the world was subdivided. Indexes cf comparable output 
were then assembled for the same areas over the years since 1950. Finally, for each region, a single average rate of 
growth was determined to represent the expected developments in total economic growth over the 30-year period 
from 1970 to 2000. This was not a task of national income construction; rather it was &n exercise in the fheory of 
national growth. Its main statistical component was the selection of an appropriate average rate of growth to 
represent what inevitably will be the range and variations in growth rates that each subdivision of the world can 
expect to experience over some three decades. Thus despite unemployment and despite underutilizatton of plant 
capacity in the United States, the economy has even in the very recent past experienced an annual real growth rate 
of 0% (1970) and of 2.7% (1971). It did experience a few rates above 5% in some years of the late 1960 # s and a rate 
of about 6% is now anticipated for 1972. Whatever progress man and society have made in their capacity to generate 
economic advance - and there is clear evidence of upward movement in average rates of growth over periods of 
years - all subdivisions of the world must anticipate short -period fluctuations in these rates. The rate projected for 
the. 30-year period until the year 2000 obviously needs to allow for.such variations. 



*A separate Annex provides comparable figures for materials requirements in the year 2000 for the United States 
(plus Puerto Rico and island possessions). TrwiC figures are derived in a manner consistent with the non-U.S. 
estimates in this report. 
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The estimates for this component of the requirfment figures are discussed and presented in section II of this 
report . 

In tensity -of -use data for each material are presented on a total domestic product basis, separately for the 
subdivisions of the world listed above. Such figures differ significantly among the world's regions, as they usually do 
for each subdivision over time. For intensity-of-use of a matenai depends upon geography, Industrialization, 
economic advancement and other factors for which the world offers a varied pattern. Many of these factors change 
over time notably industrial and economic development. Indeed, use of materials can be associated with the 
specific products and services a nation produces - the output of automobiles, or the miles people travel in a year, or 
the extent of electrification, as examples. Every materials use figure might be accounted for fully in such itemized 
outputs, but this would certainly be a major research undertaking even for the relatively few countries where 
statistics on such use are available. Any projected use-intensity for each group of nations in a world total would 
require very many specific assumptions about future product use. Instead reliance is placed here upon more general 
attributes of the demand for materials, derived from past relationships and the theory that helps explain them. 

Trends and patterns of past intensity-of-use data were analyzed; they presented several possibilities for future 
developments. On occasion the past record suggested a more or less direct extrapolation to the year 2000. Much 
more common was evidence of a reversal pattern: intensities increased over a period and then began to decline. 
There was evidence of an association with the level of income. Indeed, the intensity-of-use data for all regions of the 
world together do reveal some systematic patterns. Below, in section III, we discuss specific relationship of 
materials use and per capita income. We discuss also the evidence on changes in use-...iensities with actual changes in 
goods and services (in which materials are used) as per capita income grows, with new technologies that make for 
more efficient materials use, and with the possibilities of substitution among materials as technology, demand, and 
supply alter relative materials prices. All these offered guides for determining the appropriate intensity level for 
2000. as did the experience of commodity specialist; and the extensive analytic and descriptive literature on 
materials use. As in the case of grov,th in national product, economic theory helped here also - particularly with 
respect to doctrine on commodity substitution ui editions of demand and technological change, and with the 
price and pohcy adjustments related to these chan 

In the last analysis, however, systematic cci of these guides and y vssibilities had to be supplemented 

by the judgment of the research worker. For the t report this subjective input was the responsibility of one 
individual, the principal researcher on ;his project. , .h the "answers" for rales of national growth \o the year 
2000. the "answers*' on intensity-of-use of each mitcrial in that year reflected consistent judgments, conditioned by 
a vast assembly of pertinent data (including oral and written expert information), the economic rationale of past 
performance, and theories of economic equilibrium, change, and growth. 

The estimates for this second component of the requirements figures, by commodity and by subdivision of the 
world, are discussed more fully and presented in section III below. 

Materials requirements for 2000. with comparable statistics on historical use, are in section IV. The tabular 
presentation also includes series for consumption per person for each commodity in each of the nine subdivisions of 
the non-U.S, world. Elasticity coefficients have also been computed, showing percentage change in consumption of 
each material. 1966-69 to 2000. relative to percentage growth in total domestic product over this period. Historical 
comparisons, 1951-55 to 1966-69. are also given. The "answers" thus permit ready comparisons of materials 
consumption over time and among important subdivisions of the world. 

Finally, we stress that the two components of the research program rest on a common basic assumption: the 
growth of nations has an internal dynamic. That it, growth is nut governed by supply limitations of any specific 
input materials nor is it limited by any inelasticity of total output imposed by supply or demand of materials. This 
assumption made it possible to project national and world economic growth in one part of the research effort 
without regard to the materials position appraised in the other part of the study. A nation meets its needs for 
materials in the pursuit of its economic, social, and political objectrves. fhis assumption is consistent with the tneory 
tif economic growth neld to be relevant to experience in the modern world of the past two centuries or so; it is 
discussed fuither in 11 belov, In addition, the research on past materials consumption, and indeed the results 
developed in Ml helow, are themselves testimony to the diversity of materials usage in the modern world. As relativr 
supplies shift, as demands alter, as techniques of use change, as price ratios vary, rules of operation arc altered. These 
adjustments arc the tools by which man and society obtain and use materials they need. This is how it has been, the 
extensive past experience augurs well for the future. 
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But the tools must cope with what promise to be progressively greater tasks. Poor nations must have higher 
levels of living; populations grow at record rates; minerals production generates environmental hazards. There is need 
for continuous and imaginative study of the alternatives in supply and requirements of materials, and for 
governmental and intergovernmental policy and actions based on such study. Still, the past record tells us that such 
efforts can be undertaken with the expectation that the world's materials resources can continue to serve the world's 
aspirations for social and economic progress. The world's materials resources will govern such objectives only if 
research and policy needs are neglected. 



:RIC 



Editor's note: The following section is taken from Wilfred Malenbaum et al., 'World 
Demand for Raw Materials in 1983 and 2000/* an unpublished report prepared for 
the National Science Foundation under grant no. 75-23687, Oct. 1977, pp. 18-51. 
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IX. The Research Schem e 

What factors determine the quantity of any specific industrial raw 
material a nation will usa up over a given year? Given the need for 
answers for future time periods, these factors oust themselves permit more 
straightforward and justifiable extrapolations than would the dependent 
variable (the amount of raw material used up) itself. Three factors were 
selected here as the best determining variables. Thus to estimate jP^T^ 
the use of material 1 in the year t, there is need for (1) the total value 
of final goods and services produced in the year t by a nation's endow- 
ments (GDP t ); (2) the nation f a population in that year (p t ); and 

(3) what may be called the intensity-of-use of i in year t ) defj ad 

so: 

t i-n t - i£S- . 

1 * GDP t 



GDP 



Following la a dtacuaaton of tha uatura of aach factor 'a ralaelonahip Co 

and of tfaa inearralaeionahipa among cha thraa factor a. la particular, 
tha dlacuaalon axamlnaa tba ralavanca of a tautological formula In intagras- 
lag tha thraa factor a to ylald jD . 

1. GDP g . law oatarlala ara latarmdlata-eypa laputa la tha produc- 
tion proeaaa. Tharafora, "uaiag up H a raw matarlal, 1 la t, can only maan 
lta uaa la produelog a nation* a final gooda aod aarvlcaa during t. 
Ordinarily thara la aaaaatially no demand for 1 aa and-product in Itaalf ; 
avan inventory damand for carryovera of 1 raflacta a time dlnanaloo of cha 
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same derived demand as the demand for i's currant use in final goods. 
Hanca, soma measure of total national product, i.e., the valua of all final 
goods and services producad by a nation's productive resources over a 
year's period, must be an important factor determining materials use. 
While there are arguments in favor of some net rather than gross measure 
of this product, the latter is used here. In any event, the GDP measure 
has greater statistical reliability and much broader availability. A 
negative consideration is the possible distortion of the intensity-of-use 
measure in periods of heavy stockpiling associated with marked price changes 
of some raw materials. This- is revealed in actual data (e.g., in Japan in 
the early 1970s), but such inventory changes are usually recorded, and 
their distortions on the intensity measure can generally be taken into 
account ... 

Most projection schemes for materials demand do use this association 
with GDP. One can examine past relationships in this regard: ex post , 
the direction of determination may not be relevant, but not so for the 
ex ante purpose of prime concern here. For we use estimated GDP ig85 and 
^1000 a3 on€ ki ? determinant oi in each of these two years. If 
material i is itself a significant determinant of GDP, the argument is 
circular and probably invalid. Currently, limits-to-growth themes have 
some vogue, although probably leaa so than was the situation in 1972 and 
1973. The present paper does not accept the view that GDP r for t over 



380 



370 



THE NONFUEL MINERALS SECTOR 



a long period of years will be determined by the availability of any material 
i. It argues rather (III below) that for such future years GDP t levels will 
be primarily the consequence of decisions and actions of man, whatever the 
availability of specific materials. Both theoretical and empirical considera- 
tions prompt this view, and these considerations have dictated the 
quantitative GDP growth projections presented in this report. 

The first determining factor then will be each regional unit's level 
of national product, usually as GDP C . And in the nature of materials use, 
one can hypothesize that upward GDP movement, other factors constant,, will 
contribute to upward jD c movement. 

Given the goal of projecting ± D C for a range of i's, it may be noted 
here that in the formula, GDP £ is the same, whatever i. This constancy 
contributes an element of consistency in the twelve i's of this study as 
projections are made for future t's, i.e., 1985 and 2000. 

2. Population (p t ). The population role in jD is very different 
from that of GDP; on the whole, the relationship of population change to t D 
is more complex than is the role of GDP. Nonetheless, many projections of 
iP t do assume a positive population role, essentially parallel to the 
positive GDP role. 1 It is obvious that a very wide gap persists between 

l Por example, two important and significant forecast studies, one by 
the U.S. Bureau of Mines (Mineral Facts and Problems . 1970, GPO, Washington, 
D.C.), and the other by Resources for the Future (Population. Resources 
and the Envir onment: A Report to the U.S. Commissi on on Population Growth 
and the American Future . R.G. Ridker, ed., GPO, Washington, 1972) seem to 
assume cumulative positive relationships for these two independent variables : 
i increases when GDP or population increases. This is shown explicitly 
£n summary results presented by D.B. Brooks and P.W. Andrews, "Mineral 
Resources, Economic Growth and World Population," Science . 5 July 1974, 
p. 15. 
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population shares and resource uae shares. Thus, at aid-century the rich 
worldjWich less than one-third of tha world 1 3 population used about 95 parcant 
of tha raw materials. Tha poor world ratio of materials use did move up 
dramatically between 1930 and 1970. But this was dua not to thair popula- 
tion growth but to thair GDP growth. Despite tha rapid population growth 
in thaaa lands, GDP growth ratas wara still higher over those decades. 

Indeed, a relevant determining element turns out to be GDP/population » 30 
that the relationship between changes in materials use and population 
change is usually inverse. This relationship is bast discussed in connection 
with Che third factor basic to.J)^ determination in the present study. 



3. Intsnsitv-of -Use ^ I~Q+» y This measures the physical amount of i 
used up per unit of GDP in any particular period. Comparisons among 
countries make it necessary to present GDP magnitudes in a single currency 
(T7«S« $ hare); comparisons over time require a constant price level (1971 
here). Both the population factor and the intensity measure serve as 
correctives to the GDP contribution to estimates of ^D . "Population" 
corrects for the new number of people sharing a GDP level at time t. 

"Intensity" adjuats for the new structure of GDP as its product composition 
differs at a t level, and as new technology and new cost structures alter 
tha process of GDP creation. The application of the intensity ratio in the 
study of materials use has begun to ba explored only in very recent years 

1 See the observations on this point in Brooks and Andrews, ibid . , 
pp. 13-16. 
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Perhaps the present effort is the most comprehensive. As the 
discussion in 17 makes clear, there is an analytic case for further and 
continuing research exploration of the relationship between physical inputs 
of intermediate materials and real value of final goods and services. 

Several aspects of this I-U measure are noteworthy. First, it is 
readily available over past years, given statistics on a nation 1 * use of i. 
Second, the very concept of an input and output relationship has a 
technological dimension. It must reflect changes in use and efficiency of 
inputs to yield outputs, with account taken of changes in techniques (for 
input or output) and changes in market relationships associated with supply , 
demand and public policy bearing on inputs and outputs. Third, and of 
particular interest, the historical evidence on use-intensity suggests 
there are patterns of behavior of the measure. Ar^these patterns may be 
identified with underlying theory and empirical/ time observation. Indeed, 
it is this systematic behavior of the measure jthat constitutes the big 
promise for its usefulness in demand analysis tor raw materials. 

Among the observed patterns are those which emerge when intensity- 

of-use in a region is associated with per capita GDP over a period of years. 

With such a relationship our "fonuila," *D « GDP t i D t f incorporates all 

C GDP t 

three of the determining factors considered here. There is of course a 
significant body of facts and of theory on the subject of the growth of 
nations. While theory and policy on this matter are today in some state of 
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controversy, national growth does constitute an area central to the social 
science professions. Quite separate froa this doctrine on GDP, the second 
teru| (the ratio that measures intensity-of-use) My well have significance 
beyond what its numerator and denominator Kas separately. Intensity-of-use 
could thu* have an empirical and theoretical life of its own. In this 
event, the tautology converts into a useful analytic tool. 

This is the context in which the present research scheme rests upon 
the identity formulation: changes in the three determining factors can 
be related to changes in levels of materials use. 

As indicated in ;he Irtroduetxtx, attention will be given to the 
following materials, ferrous and nonferrous in turn, and numbered as they 
appear in tabular presentations and discussions: 

1. crude steel 7. tungsten 

2. iron ore 8. copper 

3. nickel 9. aluminum 

4. manganese 10, platinum group 

5. chrome 11. Z i n c 

6. cobalt 12. tin 

Again, as in the 1973 report, analysis will continue to consider the world 
in ten subdivisions, with subtotals (1) for the U.S. and non-U. S. regions, 
and again (2) for rich nations and poor nations. This "regionalisatioa, M 
pcrjiaps more functional than geographic, represents an effort to 
differentiate within these large two world subdivisions. Each of the ten 
groups is considered to have a high enough degree of homogeneity to justify 
common assumptions with respect to changes in intensity-of-use of raw 
materials and in rates of total economic growth. Where individual country 
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patterns reflect significant differences, some supplementary sfudy was 
undertakers While for some materials (nickel ind the platinum group, for 
example) data availability required some regional changes in the analysis 
(and this is of course evident in the text) there was no analytic reason to 
adopt alternative subcategorization in the present study. The major use 
centers for materials are treated as a single region (U.S., Japan, U.S.S.R., 
for example), or as a fairly unified total of countries (Western Europe, 

Eastern Europe); similarly, with respect to use behavior in the large 

t 

components of the poor lands. Consideration of ten "regions" as against 
a larger number undoubtedly cost some detail in the results, but the study 
justifies the belief that it did not introduce arbitrary elements in the 
demand projections. 

Tnese regions are defined as follows, again vith number designations 
for textual presentation: 

1. Western Europe - OECD countries in Europe 

2. Japan 

3. Other Developed Lands * Australia, Canada, Israel, New Zealand, 

South Africa 

4. -Union of Soviet Socialist Republics 

5. Eastern European Countries - Soviet Bloc countries plus Albania, 

Yugoslavia 

6. Africa - minus South Africa 

7. Asia - minus Israel, Japan, Mainland China and related areas 

8. Latin America 

9. China - plus Mongolia, North Korea, North Vietnam 

10. United States - plus Puerto Rico and overseas islands 

11. World - Sum 1-10 
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12. Non-U. S. World - Sum 1-9 

13. Poor Nations - Sum 6-9 

14. Rich Natloni - Sum 1-5, 10 

Before presenting specific estimates for GDP and ^/population in 
i D t 

1985 and 2000, and for ^j- for each i in thoaa 7 aars, soma observation* 
are mada on tha procaduraa amployad. In all thasa measures, tha historical 
racord was initially assamblad from 1951 to 1975 and whara available from 
1934-1938. Essentially all national product data and all population data 
were taken from United Nations sources. The output was converted to U.S. 
dwllara in 1971 prices on the basia of exchange rate data. Estimation vas 
undertaken for areas and pariods only when they were not reported by the 
United Nations. For the U.S.S.R. and for Mainland China, for which offic; " 
data are not conceptually comparable with much of the remaining world, the 
adjusted figures prepared by specialist groups were used. Specifically, 
for the U.S.S.R., tha gross product data are from reports prepared for the 
Joint Economic Committee of the V S. Congress over the past decade; for 
China the same source has publications at least from 1972. For the most 
part, the historical racord was examined in the form of five-year averages, 
with recourse to individual yaars only to trace patterns of marked change 
within a five-year period, a problem that arose especially for regions 
composed of different countries not usually analysed as a single unit, e.g., 
"0-*er Developed Lands." 

On the population front, the U.N. data alone were the source of all 
the numbers in the present study. 
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The basic historical tables on GDP and GDP per parson, more or less 
to date, are thus these five-year averages in 1971 U.S. dollars* Again, 
they pr /ide the available factual record* Projections for 1985 and 2000 
rare made entirely by estimating two average growth rates for GDP. one for 
the ten-plus years to 1983 from the 1971*75 average, and the other for the 
25-plus years to 2000* While an important consideration in these estimated 
growth rates for GDP was the record of growth rates of past years, the 
basic factor was the expectation derived from underlying doctrine on 
economic expansion* With respect to population growth to 1935 and to 2000, 

reliance was placed on the most recent working paper of the Population 

1 

Division of the United Nations Secretariat. The GDP /population estimates 
for 1985 and 2000 were then derived* 

The 1985 and the 2000 statistics are not statistical extrapolations* 
One could perhaps argue that mo^rn rations have the knowledge and the 
capacity to generate higher GDP growth rates than they had a generation or 
so back* The evidence from 1951 does not reveal that these potentials 
have become realities, nor is there much basis today for arguing that such 
knowledge and capacity will '-jsure higher rates in the future* Thus, in 
only two of the ten region. the average growth rate for 1966-1975 
higher than for 1951-1960. In any event, the actual record is for large 
year-to-year variations in most regions. Moreover, there is increasing 
appreciation that the determinant forces for growth lie in the aspirations 
and consitment to economic expansion on the part of public and private 

\n particular, Population by Sex end Age for Regions and Countries , 
1950-2000, As Assessed in 1973: Medium Variant , ESA/P/WP60, 25 February 
1976. - - 
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leaders, ouch mort Chan In resource* endowment and supply and in technology. 
On the ont hand, this analytic view plays down the role of material limits 
to growth, and thus tnhancea the prospect for future progress* On die 
othar hand, this view stresses the role of leadership and its determination 
tc copa with whatever deterrents impede achievement of a nation's growth 
goals. Recent developments in this respect cannot be judged propitious in 
many of the world's regions, a matter discussed in B below. 

While the intellectual content of the economic development process 
remaps a matter of soma controversy today, the actual record of growth in 
various parts of the world in the years to the e**ly 1970s did lend support 
to the decisive role of quality inputs in growth, achievement in rich lands. 
And the relative unimportance of the returns to quality inputs in poor 
lands was held most responsible for their uncertain economic performance. 

The accompanying diagram (Figure A-l) reflects these contrasts impressionis- 

1 

tically. It suggests that the growth returns to effective leadership-for- 
gxowth became increasingly more important in total growth of rich lands, as 
against the growth returns from more labor and more capital of constant 
quality. On the poor nation side, limited performance from quality inputs 
resulted in much lower roles of growth than supplies of capital resources 
and of number of workers could have permitted* 

The course of development in both of these world components was 
interrupted by the world recession of the mid-1970s. In some measure, this 
setback was itself a reflection of a leadership crisis. But even if more 

*For a brief summary account of the underlying economic arguments, 
with references to the theoretical literature and an illustration in the 
cade of India, see Wilfred Malenbaum, Modern India's Economy , Merrill, 1971, 
pp. 117-23. 
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EXCERPTS FROM "WORLD DEMAND FOR RAW MATERIALS IN 1985 AND 2000" 379 

emphasis is given to the role of the natural resource crises of the 1970s— 
to food, raw materials, petroleum — recovery has been hampered by quality 
input difficulties stemming from diffusion of quality inputs in rich lands 
and from diversion of interest from quality to quantity inputs in poor 
lands. Both prompt conservative expectations of long* term rates of economic 
growth, in rich as well as poor nations (III below). 

Intensity-of-use data were assembled for essentially the same time 
intervals, 1951-75, with occasional data for 1934-38, They are of coursa 
presented here on the same regional bases as were GDP, population and GDP/ 
population. Again, our materials use data are from the accepted world 
sources, notably national and international organizations in the public 
sector, e.g., U.S. Bureau of Mines, U.K.'s Statistical Summary of the Mineral 
Industry, U.N. Department of Economic and Social Affairs, and occasional 
specialized private groups associated with producing and processing 
interests (e.g., Germany's Metal Statistics) . Specific sources appear on 
text tables. Insofar as possible, "us*" was considered on the basis of 
raw materials as such. It was not extended to the material embodied in 
finished product form. The consumption concept was "apparent consumption," 
or production minus exports plus imports plus changes in stocks. Again, 
the data are broadly available, with exceptions already noted and amply 
referenced in the report. However available in published form, much of the 
materia la data have not previously been assembled in consistent sets of 
regional tables on a </orld basis. The intensity-of-use ratio was of cours* 
obtained by division with the GDP figures discussed earlier. 

It is this measure that receives major research attention in this 
study. As already indicated, the very concept has a technological ring. 
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It is apparant that tha valuas of thasa muiurti diffar significantly as 
among tha world's ragions, as thay do in aach ragion ovar tima. Prasumably, 
tha maasura for aach i dapands upon industrialization, aconomic sophistica- 
tion, raaourcs* position and othtr factors for which tha world doas offar * 
vida ranga of pattarns. And thasa factors changa ovar tiaa, notably with 
industrial and aconomic davalopmant. Usa of mat aria J inputs must ba 
asaociatad with tha spacific products and sarvicas a nation producaa— tha 
output of automobilts, or tha milts paopla traval in a yaar, or tha axtant 
of alactrification, as axamplts. And avary maasura of matarials usa should 
ba accountad for fully in such itamizad outputs. To do this wcild cartainly 
ba a ma}or rasaarch undartaking avan for tha ralativaly faw countrits vhara 
statistics on usa datail art availablt. Any projactad ust-intantity would 
raquira many spacific assumptions about futurt product usa. Hanca, 
ralianca naads to ba put on mora gantral attributas of tha damand for 
matarials, darivad from past ralationships and tha thaory that halps txplain 
tham. 

Trands and pattarns of past intensity-of-ust data wart studiad; thay 
offar stvtral possibilitits for tht futura. On occasion, tha past racord 
suggaatad a mora or lass diract axtrapolation to 1985 or to 2000. Mora 
common was avidanca of a ravarsing pat tarn with intansitias growing ovar a 
pariod and than contracting. Thart is soma avidanca of association with 
par capita incoma Itvals. On tha whola, intansity-of-usa maasuras for all 
ragiona of tha world do £aam to ravaal soma systamatic pattarns. Thasa ara 
iiacuasad balow, with spacial ragard to thasa factors: actual changas in 
final goods and sarvicts (in which tha matarials ara inputs) as par capita 
incoma grows; tha davalopmant of naw tachnologias that maka for mora 
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efficient materials use; the possibilities of substitution among materials 
as technology, demaad and supply alter relative materials prices. All 
these and the extensive analytic and descriptive literature on materials 
use do provide some guides for projecting the appropriate intensity level 
for 1983 and 2000 (see Figuri A-2). As in the case of GDP, economic theory 
helped also, particularly doctrine on commodity substitution with demand 
and technological change, and with the price and policy adjustments related 
to these changes. 

In the last analysis, however, systematic consideration of these 
guides aud possibilities needed to be supplemented by the judgment of the 
research worker. For the present report as in the initial study, this 
subjective input was the responsibility of one individual, the principal 
researcher on this project. As with the "answers" for rates of national 
growth to the years 1985 and 2000, the "answers" on intenaity-of-use of 
each material in those years reflected consistent judgments, conditioned by 
a vast assembly of pertinent data (and published and other expert opinion), 
the economic rationale of past performance, and theories of economic 
equilibrium, change, and growth. 

Material* requirements for 1985 and 2000, with comparable statistics 
on historical use, are treated in section V. The "answers" for the future 
permit ready comparisons of materials consumption over time and among 
important subdivisions of the world. They also provide a poirt of brief 
departure to questions of supply-demand relationships and to materials- 
supply and economic growth relationships. 

Finally, emphasis must again be given to the truth that the main 
components of the research program rest on a common basic assumption: the 
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growth of nations has an internal dynamic . That is, long-term growth is 
not governed by supply limitations of any specific input materials nor is it 
limited by any inelasticity of total output imposed by supply or demand of 
materials. This assumption made it possible to project national and world 
economic growth in one part of the research effort without regard to the 
materials heeds appraised in the other part of the study. A nation meets 
ita needs for materials in the pursuit of its economic, social, and political 
objectives. This assumption is consistent with the theory of economic 
growth held to be relevant to experience in the modern world of the past 
two centuries or so. In addition, the research on past materials consump- 
tion, and indeed the results developed below, are themselves testimony to 
the diversity of materials usage in the modern world. As relative supplies 
shift, as demands alter, as techniques of use change, as price ratios vary, 
rules of operation are altered. These adjustments are the tools by which 
man and society obtain and use materials they need. This is how it has been; 
the extensive past experience augurs well for the future. 

But the tools must cope with what promise to be progressively greater 
tasks. Poor nations must have higher levels of living; populations grow 
at record rates; Minerals production generates environmental hazards. 
There is need for continuous and imaginative study of the alternatives in 
supply and requirements of materials, and for governmental and intergovern- 
mental policy and actions based or tuch study. Still, the past record tells 
us fhat such efforts can be undertaken with the expectation that the world's 
materials resources can continue to serve the world's aspirations for 
social and economic progress. The world's materials resources will govern 
such objectives only if research and policy needs are neglected. 
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III. World Economic Growth: The Prospect for 1985 and 2000 * 

The record of national growth throughout the world has been subjected 
to thorough analysis over the past thirty years. Scientific mastery of 
the determinants of national growth was thought to have bean achieved: 
fiscal and monetary policies, resource and knowledge transfers became common- 
place tools, broadly available to nations through a growing body of 
practitioners in business, public and academic life. This intellectual 
achievement was even paralleled by an extraordinary growth achievement from 
mid-century for almost twenty- five years. GDP grew at very rapid rates, 
seemingly without past parallel, and quite generally throughout the regions 
of the world. Despite record levels of population growth, output per 
person moved ahead even in the poor lands, and again without early parallels. 

But the miracle faltered. Neither theoretical knowledge nor recent 
achievement offers today any assured growth prospects for the decades ahead. 
Despite the impressive overall growth performance in third world lands, 
careful analytic studies have for some years been suggesting that so-called 
"quality" inputs were playing a progressively diminished role in national 
growth. Indeed, poor-nation economies and societies were becoming more 
dualistic, with widening gaps among labor-intensive and capital-intensive 
sectors, between an increasing percentage of poor and a small percentage of 

rich. With such internal developments, these nations were not able to make 

i 

effective use of their actual productive endowments, nor of the further 
Increments in these resources potentially available to them. Basically 
national leaders in these lands were not able or not willing to stimulate, 
in the public or the private sector, greater output per person on the part 
of the maximum possible segment of their populations. 
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Note has beet made of the contraafin growth forcas in the rich and 
aucceaaful landa and in thoaa in the faltering economiea of the poor lands, 
even in the yeara from 1950 through 1973. But by the mid-1970a the contraat 
waa becoming less epparentt. lae rich economies were themselves suffering 
from internal diviaivaneaa, from leaderahip activitiaa geared to gaina of 
only part of the aociety. In any event, the preaent world receaaion 
emergea as an economic state not responsive to the growth tools of past 
decades. In rich as well as poor nations, new tasks await new 
leadership. New quality inputs that will serve to integrate each national 
economy ere essential if high growth rates are again to be achieved, 
iuppliea of lebor, technology mnd related akilla— atandard inputa of theoriea 
of growth— continue of courae to bej needed. But hiatorical analyses of 
actual growth In rich landa on the /one aide, and of world experience with 
ecceleratad development efforta id poor nationa over two-three decadea on 
the other, suggest that supplies of the traditional inputs in whatever 
measure cannot of themselves assure sustained economic progress. 

Man and society seem less able to use these standard inputs effec- 
tively. This has become epparent in recent decades especially as supplies 
(including education, technology and skills) have expanded dramatically 
in most of the world's countries. The poor nations need to engender deeper 
commitments to economic expanaion on the pert of workers, so many of whom 
are essentially self-employed and hence decision-makers. It ia necessary that 
national institutiona involve these workera more directly in development 
ectivity. The early prioritiea for government policy need to focua on 
incrementa in employment, with emphaaia on tha compatibility of maximum 
employment and maximum output goala in what can be characterized as an 
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essentially persistent state of disequilibrium in the economy. These 
requirements were emphasized with respect to problems of poor-nation growth 
in the 1973 report, but the current economic outlook for the world's rich 
lands calls for a similar emphasis. Underutilized people and underutilized 
capital facilities and underutilized technological knowledge and skills 
defy efficient use; institutional changes and new operational systems need 
exploration, testing and implementation. The quality or leadership over 
the next decades will be the fundamental determinant of the economic progress. 

Unhappily, the operational course to that end is not straightforward. 
The gross product outlook for 1985 and 2000 cannot be any mechanical 
extrapolation of the record of the past twenty-five years or so. The 
rates of future growth offered here for the next decade and for the turn of 
the century reflect judgments on the extent to which new and different 
economic and social policies will in fact dominate in the various regions 
of the world. Similar considerations prevailed in NCMP' 1973 , but develop- 
ments over the intervening years prompt a greater respect for the difficulties 
that must now be overcome. 

The actual growth rates (to 2000) used in the present report differ 
for the most part from those applied in NCMP 1973 . On the whole, the 
persistent development problems in the rich lands over the past four- five 
years altered in some degree the earlier growth expectations for the rich 
relative to the poor categories of nations. It is true that implementation 
of programs for quality inputs has long-term roots in the developed lands. 
But the need to shift to an employment emphasis poses difficult decisions 
in these capital-inter* ive economic structures. Nor can progress in the 
poor nations be dramatic, however great the development potential such 
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activitiea can promise. And poor-nation preoccupation with old formulas 
on economic development may at bast offer occasional short-term gains and 
limited long-term growth benefits. So, pending pursuit of new development 
strategies, (JDP average grovth rates are expected to have low levels 
relative to those of the 1951-75 era. 

finally, the projected grovth rates reflect the judgment oi the 
principal investigator, with full regard to other research and appraisals 
available on the current scene with respect to world economic development. 

Tables 3-i # i .3 -1.3 provide estimated rates of growth to 1985 and 
to 2000 for GDP, population and GDP per person, respectively. 

Some historical base data are included in these tablea for ready 
comparison, but further detail for past years ere available- in Appendix 
Tables >I - 3 -III. Corresponding data for actual average levels of GDP, 
population and GDP per person (U.S. $a, 1971 prices) are given in Tables 
3-2.1 - 3-2.3. (Again, Appendix Tables 3 -I - 3-ni arc more complete on 
paat years.) These are reported for the two major world subdivisions and 
for the ten world regions. Where NCMP 1973 prepared comparable estimates 
for the year 2000, these are shown alongside the projections of the present 
study. 

World GDP is shown to be growing at an average rate of 3.5 percent 
between 1971-73 and 1985, and by 3.3 percent between 1971-75 and 2000. 
Theae contraat with an actual rate of 4.7 percent per year from 1951-75. 
Total real product will thus increase by more than 50 percent from 1971-75 
to 1985 and by 150 percent from 1971-75 to 2000. These statistics for 
world gross product as a whole, and indeed for the U.S. -non-U. S. and for 
the poor nation-rich nation subgroups of the world, are lower than were the 
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T*bl* 3-1.1 
World GDP, Annual Growth Rat***: 1951-2000 



R*glon 


1951-75 


1975-85 


1975- 


■2000** 


1. W. Eur op* 


4.5 


3.3 


3.2 


(3.5) 


2. Japan 


9.3 


4.2 


4.1 


(5.0) 


3. ODL 


4.7 


3.4 


3.3 


(3.75) 


4. U.S.S.R. 


5.5 


3.6 


3.4 


C4.0) 


5. E« Eur op* 


4.9 


3.7 


3.5 


(3.5) 


6. Africa 


5.1 


3.5 


3.4 


(3.4) 


7. Asia 


4.9 


3.3 


3.2 


(3.5) 


8. L. America 


5.6 


3.7 


3.6 


(3.75) 


9. China 


4.3 


3.5 


3.3 


(4.2) 


10. U.S. 


3.6 


3.3 


3.2 


(3.8) 


Total* 










11. World 


4.7 


3.5 


3.3 


(3.8) 


12. Non-U. S. World 


5.2 


3.5 


3.4 


(3.8) 


13. Poor Nitlon* 


5.0 


3.5 


3.4 


(3.8) 


14. Rich Nation* 


4.6 


3.5 


3.3 


(3.9) 



Sourca: T*bl* 3.2.1; also ••• t*xt, section IXI. 

*Annual rat** based on 5-year p*riod*; thu* 1951-75 rafars to 20-y**r 
period from 1951-55 to 1971-75. 

1975-85 r*£*r* to 12.5-year period from 1971-75 to a 5-y*ar period 
cantered at 1985. 

1975-2000 refer* to 27.5-year period from 1971-75 to a 5-year period 
centered at 2000. 

Bracketed rate* *r* comp*r*bl* ugnitudes •*timat*d In *n «arll*r 
study, NCMP 1973 (*•• text). 
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Tabla 3.1.2 

World Population, Annual Growth Rates*: 1951-2000 



9 ai*4 

aegion 


1951-75 


1975-85 


1975 


-2000** 


1. W. Eur opt 


0.9 


0.8 


1*0 


(1.1) 


2. Japan 


1.1 


0.9 


0.8 


(1.0) 


3. ODL 


2.3 


2.0 


1.8 


(1.3) 


4. IT.S.S.R. 


1.4 


1.0 


1.1 


(1.5) 


5. E. Eur opt 


0.8 


0.8 


1.0 


(1.0) 


6. Africa 


2.4 


2.7 


2.4 


(2.6) 


7. Asia 


2.5 


2.7 


2.4 


(2.2) 


8. L. Amarica 


2.9 


2.8 


2.6 


(2.8) 


9. China 


1.8 


1.6 


1.4 


(1.4) 


10. U.S. 


1.5 


1.0 


1.0 


(1.2) 


Totals 










11. World 


2.0 


2.0 


1.8 


(1.8) 


12. Nun-U.S. World 


2.0 


2.0 


1.9 


(1.9) 


13. Poor Nations 


2.3 


2.4 


2.1 


(1.9) 


14. Rich Nations 


1.2 


1.0 


1.0 


(1.2) 



Source; Table 3-2.2; also see text, section III. 
*As earlier. 
**As earlier. 
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« 

Table 3-1.3 

World COP Per Capita, Annual Growth Rates*: 1951-2000 



*agion 1931-75 1975-85 1975-2000** 



1. 


W. Euro pa 


3.6 


2.5 


2.2 


(2.5) 


?. 


Japan 


8.2 


3.3 


3.3 


(4.0) 


3. 


0DL 


2.4 


1.4 


1.5 


(2.5) 


4. 


U.S.S.R. 


4.1 


2.6 


2.3 


(2.6) 


5. 


E. Europa 


4.1 


2.9 


2.5 


(2.5) 


6. 


Africa 


2.7 


0.8 


1.0 


(0.9) 


7. 


Asia 


2.4 


0.6 


0.8 


(1.3) 


8. 


L. America 


2.7 


0.9 


1.0 


(1.0) 


9. 


China 


2.5 


1.9 


1.9 


(2.9) 


10. 


U.S. 


2.1 


2.3 


2.2 


(2.6) 




Totals 










11. 


World 


2.7 


1.5 


1.5 


(2.0) 


12. 


Non-U. S. World 


3.2 


1.5 


1.5 


(2.0) 


13. 


Poor Nations 


2.7 


1.1 


1.3 


(1.9) 


14. 


Rich Nations 


3.4 ' 


2.5 


2.3 


(2.7) 



Source: T*bl« 3-2.3; Also ttxt, taction HI. 
*At Mr liar. 



Ai tar liar. 
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Table 3.2.1 

World GDP: 1951-2000 
(Billions of U.S. $, 1971 prices) 



Region 



1951-55 



1971-75 



1985 



1. 


W. Europe 


389 


936 


1403 


2226 


(2590) 


2. 


Japan 


44 


258 


431 


779 


(1070) 


3. 


0DL 


73 


183 


278 


447 


. (490) 


4. 


U.S*SJt. 


210 


617 


960 


1547 


(1680) 


5. 


E. Europa 


86 


227 


357 


585 


(575) 


6. 


Africa 


26 


71 


109 


178 


<Q 


7. 


Asia 


77 


201 


302 


478 


(680) 


8. 


L. Amarlca 


67 


200 


313 


529 


(620) 


9. 


China 


62 


144 


221 


352 


(480) 


10. 


U.S. 
Totals 


557 


1122 


1684 


2668 


(3135) 


11. 


World 


1591 


3960 


6062 


9789 


(11495) 


12. 


Non-U. S. World 


1034 


2838 


4378 


7121 


(8360) 


13. 


Poor Nations 


232 


617 


947 


1537 


(1965) 


14. 


Rich Nations 


1359 


3344 


5115 


8252 


(9530) 



Sourca: See Appendix Tabla 3-1; also saa text, sactlon IT'*, 



** 
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Tat fit 3 -2.2 

World Population: 1951*2000 
QUlUcmf of Ptoplt) 



legion 


1951-35 


1971-75 


1985 




2000** 


1. W. Europt 


314 


379 


419 


498 


(510) 


2. Japan 


87 


108 


122 


133 


(140) 


3. ODL 


41 


64 


82 


105 


(90) 


4. C.S.S.E. 


189 


250 


282 


336 


(375) 


5. E. Europe 


110 


130 


144 


171 


(170) 


6. Africa 


218 


354 


493 


680 


(700) 


7. A«ia 


726 


1199 


1672 


2301 


(2160) 


8. L. Anerice 


170 


299 


422 


60S 


(650) 


9. China 


594 


852 


1038 


1248 


(1335) 


10. tr.s. 


160 


214 


242 


281 


(300) 


ISSalt 












11. World 


2609 


3848 


4916 


6358 


(6430) 


12. Non-U.S. World 


2448 


3635 


4674 


6077 


(6130) 


13. Poor Nation* 


1708 


2703 


3622 


4834 


(4845) 


14. Rich Nation* 


901 


1144 


1291 


1524 


(1385) 



Sourea: Sao Appendix table 3-XI; alio tea text, ieetioa XXX. 



At earlier. 



9 

ERJC 



412 



EXCERPTS FROM "WORLD DEMAND FOR RAW MATERIALS IN 1985 AND 2000' 



393 



Tabi* 3*2.3 

World GDP Par Capita: 1931-2000 
(U.S. $, 1971 pricas) 



Ragion 


1931-33 


1971-73 


1983 


2000** 


1. V. Eur op* 


1238 


2469 


3333 


4470 


(3039) 


2. Japan 


307 


2389 


3332 


3837 


(7643) 


3. 0DL 


1788 


2869 


3390 


4237* 


(5444) 


4. U.S.S.S* 


1106 


2469 


3404 


4604 


(4480) 


3. E. Europa 


788 


1747 


2479 


3421 


(3382) 


6. Africa 


120 


202 


221 


262 


(264) 


7. Asia 


106 


168 


181 


208 


(313) 


8. L. Amarica 


393 


671 


746 


874 


(934) 


9. China 


104 


168 


213 






10. U.S. 


3472 


3230 


6939 


9493 


(10450) 


Totals 












11. World 


609 


1029 


1233 


1340 


(1788) 


12. Non-U. S. World 


422 


781 


937 


1172 


(1364) 


13. Poor Nation* 


136 


228 


261 


318 


(406) 


14. Rich Nation* 


1308 


2922 


3962 


5413 


(6013) 


Sourca: Saa Appandix labia 3 -Hi; also 


saa taxt, 


saction 


III. 
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projection* in tht 1973 report. If the 1951*75 growth rates vtrt expected 
to continue, world GDP in 2000 would be shown in the $13*14 trillion range, 
in contrast to an $11 trillion figurt in NCMP 1973 and just below $10 trillion 
in tht present raport (Tabla 3.2.1). Lower rates are considered appropriate 
broadly through the world. In torn* small degree they do reflect the later 
data (1973 through 197^^yftll*bla for the present report: the scale of 
world recession exceeded pre-1973 axpectations. But, as indicated earlier, 
the basic reasons for the present projections of significantly lower GDP 
growth rates stem from the current state of economic growth theory and 
knowledge. While NCMP 1973 was alert and explicit with regard to new 
forces in the economic growth process, their nature and strength have taken 
clearer form over the last five years or so. It seems hard to believe 
today that only a few years back (during 19'' 5- 73, as noted earlier) demand 
projections for raw materials were based on average GDP growth rates in the 
5*6 percent range for a thirty-year time interval. This would have meant 
a doubling of world GDP each 12*13 years—a five-fold increase. The world 
estimates of Table 3-1.1 foresee an interval of at least twenty years with 
an increase below 2 .5- fold. 

A few additional observations on the 3-2 tables will be helpful. Thus 
U,S» GOP continues its decline as a share of world GDP, but the rate of 
decline is significantly smaller in 1975-2000 than in 1951-75. As Table 
3-1.1 shows, these postwar decades were marked by appreciably higher GDP 
growth rates in the non-U. S. world* Special circumstances were contributory 
here: reconstruction activities in Europe and Japan, the overall conserve* 
tism of domestic economic policy in the U.S. In the future, the challenges 
outlined earlier will confront economic growth efforts in all areas, as 
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Table 3.1.1 also reveals. The poor nation* together have made alow out 
persistant prograss as raflactad in thair share of world GDP. In L985 and 
2000, tha share Increases above current levels of some 15 percent, but only 
by a percentage point or so. 

Despite the present outlook for lower GDP growth rates, Tables 3-1.3 
and 3-2.3 show continued progress in GDP per person for all the world's 
regions in 1985 and 2000. The average levels in the world's poor nations 
will continue to decline as ratios of the average lsvels for the world's 
rich lands. The data of Table 3-2.3 and of Appendix Tablea 3 reveal a 
significantly better relative growth performance for Finland China than 
for the other poor nations together. This is attributed In Important 
measure to growth efforts that serve to enhance labor productivity for very 
large parts of China's population. No comparable evidence has emerged for 
very large population groups in other poor regions. With the major 
differences in population growth rates—past and future in Table 3-1.2— 
narrowing the gap In per capita product requires significantly higher GDP 
growth rates in the poor than in the rich nations. This is not considered 
a likely development over the next decade or even generation. 

Note must be made here of the contrast between this last statement 
and the seemingly much more hopeful possibilities recently announced by the 
United on tht basis of a new study of the world growth outlook. 1 

Kssentially, this publication presents a prospect for the achievement to 
2000 of a very much more rapid rate of GDP growth in all the poor lands 

^The Future of the World Economy. A United Nations Study by Wassilv 
Leontiaf, et al.. New York, Oxford University Press, 1977. 
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takan togathar. It apaaka of annual growth rata* for thaaa nationa in tha 
5.5-7.5 parcanC ranga, with an ovarall avaraga (1970*2000) of 6.9 parcant 

or nor*. This contraats with tha actual 5 parcant of 1951*73 and tha 
3.4 parcant projactad for 1975*2000 in labia 3 «1.1. It alao apaaka of 
aoma alackanlng in tha growth rataa of rich nationa, to an avaraga of 3*6 
parcant (aa againat tha 3.3 parcant of labia 3-1.1). Mostly tha poor-nation 
accalaration would raault from changaa in axiating political, social and 
institutional datarranta to aconomic axpanaion in thaaa lands, although in 
soma maaaura it would also banafit from significant incramanta in new 
capital inflowa aomahow sparkad by tha poor-nation andowmant in raw natariala. 
Tha U*N. dacalaration in tha rich nation growth rata ia praaantad aa tha 
obvaraa affact of tha nat tranafar of raaourcaa to tha poor nationa* 

Thar a ara impo tant gaina to tha world in a r as true tur ad GDP that 
ganarataa incoma flows that ara mora agalitarian among nationa than ara 
currant and racant flows. Social and pyachological gaina might wall axcaad 
whatavar aconomic loaaaa could occur* But thara ara atrong argumanta that 
tha nonaconoadc banafita might actually ba accompaniad by aconomic gaina; 
indatd, that maximum aconomic gaina do raquira aoma such rastructurad flow 
of world GDP* What may ba of graatar concarn than tha daairability is tha 
poaaibility of genarating significantly changad intarnational incoma flowa 
ovar tha naxt dacadas. What aocial, political and institutional adjuatmantr 
ara naadad to this and ara aasantially unapacifiad in tha U.N. study; 
thara is rafaranca to domaatlc proparty and incoma radistribution objactivaa 
for tha poor nationa* Such actiona would raquira a vary naw and vary 
diffarant approach to tha bulk of tha population on tha part of indiganoua 
laadarabip and powar groupa* 
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Curreut development emphasis in most of the poor nations draws from 
the activities of what was called the "Committee of 77" in the u.N.^ with 
its focus on the potential economic and political gains from the natural 
resource endowments of the poor lands. This emphasis actually plays down 
the fundamental role of internal political, social, institutional and 
economic impediments to progress. Without a nev -hiloaophy on broad 
participation in action programs within the poor lands, the scope for addi- 
tional growth gains through capital transfers continues to remain United. 
On the other side, it is hard to foresee international transfers over the 
next decade or so appreciably larger in relative magnitude than have recently 
prevailed. Nor is this outlook attributable to donor nation concern that 
larger transfers would reduce the rich world's own rates of GDP growth. 
For they need not| the fundamental determinants of economic expansion today 
U« outside any essentially mechanical and material endowment area. 

For such reasons the present study has nade use of GDP developments 
summarized in Tables 3-1 and 3-2. They are held to portray realistic orders 
^f magnitude for world economic expansion over the next two-three decades. 
With these, both the GDP and GDP per capica elements of the demand relation- 
ship are in hand. Intensity-of-oaterials use, the third element, is 
discussed in the next section of this report. 
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/> : 

* • IV* Intepsitv-of-Use 

The preceding argument has drawn upon relevant theory and obiervation 

to establish orders of magnitude for future races of growth in total 
product, in population and thus in future GDP per person. These estimates 
were directed At time spans pertinent to current action for economic and 
social change: a decade, by 1985 and a generation, by 2000. Estimates for 
these dates were made separately for each of the ten component parts in 
which the world is considered here. For reasons explicit in the argument, 
these future growth rates for total product and per capita product are 
different, and lower, than were those presented in the 1973 study. Indeed, 
the present conclusion is that output growth rates over the next two-three 
decades will average significantly below those prevailing in the decades 
from 1950-1975. However, the basic thrust of the 1973 argument remains 
the same: human , quality aspects of the world's societies provide the 
propelling forces for economic expansion. Judgments on these inputs, not 
on any quantity of material* inputs, were the decisive elements in the 
determination of the product figures for 1985 and 2000. 

Nonetheless, per capita product is expected to be growing throughout 
the world over the period to 2000. The average per capita income gap 
between the rich and poor nations continues to widen absolutely and rela- 
tively. And the world continues to aspire to economic progress. 

Important quantitative differences are also revealed in the new 
study with respect to the future levels of the third element basic to the 
methodology of th. pres.nt analysis: ch. intensity of us. of raw materials. 
As indicated in th. background s.ction, th. present work included * larger 
number of meterials as well as a lengthier time span than did th* initial 
study. These provided an improved base for factual observation. The 
O historical results, average intensity-of-use by five-year periods for each of 
W™ the twelve raw materials in each regional grouping, arc given in Appendix 
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T«bi«. 4-1 to 4-ni. It i, the pettern. r.vwal.d In the., data which 
•upport promotion, to g.ner.Hy low.r I-U l.v.l. than w.re provided by the 
information available for. tht 1973 report* 

Again tht basic data strongly andorsa tht earlier argument about 
the changing "constants" of the relationship between materials use and total 
output of goods and services. The enlarged body of data also supports the 
early hypothesis of systematic relationships between inteneity-of-use levels 
in a region and its real per capita product over time. The changing inten- 
sity patterns emerge clearly in text Tables 4-1 to 4-12; so also do the I-U, 
GDP per capita relationships in Figures 4-1 to 4-12. The tables are dis- 
cussed in broad terms in the following pages. Specific consideration of 
individual materials then previa greater detail on past data as well as 
the basis for specific I-U projections. All the considerations underlying 
this presentation on theS^U variable parallel those provided in the 1973 
report. 1 As there, the critical factors lie in the evolving GDP structure 
of the individual world regions and in the materials substitution/displace- 
ment through market and national policy forces, especially under the 
stimulus of technological developments. 

The text tables make clear that for all materials considered here- 
other than aluminum (9) and with qualification the platinum group of 
metals (10)— world intensity of use has already reached historical peak 
levels, mostly a decade or more back. By 1970 , these levels were 
below what had been assumed for that year in HQg 1973 . Moreover, 
the data through 1975 document declines that had not yet become apparent 
in the earlier work. It is in these respects that the present study provides 

strong additional empirical strength to the hypotheses on I-U patterns 
presented in NCMP 1973 . 
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This inverted-U pattern for Che world tends Co be revealed even more 
clearly in Che subtotals for I-U in Che non-U, S, world end in the rich 
nations elone. This follows because there actually are two other reasonably 
distinct I-U patterns in the 1950-75 data for the U.S. and for the poor 
nations alone* In the former, the turning point in I-U was reached-at an early date 
and for important raw materials (including iron, steel, copper, sine, tin, 
among other metals) prior to 1950* The present data seam simply to show 
persistent I-U declines in the U.S. Cn the part of the poor nations there 
is usually the reverse pattern of fairly steady increases in I-U over the 
period of record hare* This last was also Xnftr**^ from the less complete 
record in the earlier study* Now, however, there is sc/me evidence of 
slackening in the growth of I-U in some materials in important developing 
lands. In contrast to the earlier view in NCMP 1973 . the present prospect 
is that I-U for most materials will not continue to expand in poor nations 
until high levels of economic development are in fact achieved. Rather^ the 
effects of technological advance elsewhere are spread to them at a relatively 
early stage of economic growth* This upward I-U thrust from the poor nations 
was earlier considered some counter to a downward I-U thrust from the rich* 
The present study takes a somewhat modified general position: the overall 
force to lower I-U for materials is a stronger one than was suggested in 
the early work* 

In sum, there is for most materials a broad world picture of declining 
use intensity. A critical component is the position of the U.S., usuilly 
the world's primary consumer of materials and from early years the world's 
predominant industrialized nation* In the U.S. there has ioog been a 
persistent downward movement in I-U* Other rich lands reflect the same 
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pmtt.ro, with turning points for I-U levels at later dates than in the U.S., 
perhaps as thty reached soma specific level of industrial /economic progress. 
(A p«r capita GDP level of some 2000 U.S. 1971 dollars vas suggested in 
H22_1273.) The tendency to lower I-U levels was also explained in terms 
of the contribution to due end made by cechnological progress. The general 
evidence now is thac ehis faccor can begin Co be manifest at relatively 
low-income stages of development through the technology spread from the rich 
nations. In any event, several important low-income nations demonstra 
fl*ccening,if noc declining, I-U levels even in the 1970s (and aven before 
any influence from the current world recession) The force of structural 
change, of substitueion/displacemenc through technological progress can 
of course expand materials use par unit of GDP. Among the materials studied 
here, the sole evidence of long-period net Increases in I-U are in aluminum 
end in pletinum-group metals. Currently these force* seem alao to be a 
slackening, if not yet a declining element in aluminum mj... 
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